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ENGINEERING 


CHAPTER I 

l\TR()r)CCT()kV— SOCRCES OE EN h:R(;V— WA'l'ER 
POWER— AIR POW’i*R 

IXTRODL’CrORV 

'rili: Modkkx -As the conditioiw nf civili/.L-d lifi* hi rnmc 

(ivcM* more complex, tlie enj^ineer is of necessity ci nipelled to devi.se newer 
and more efficient means whenrhy the availal)le forces of nature may be 
apjjlied in tlie .ser\ice of mankind, h^acli imjiroveinent effected in an\’ 
branch of cnt^ineeriiij.^ serves as a foundation fi'i* extensions in other and 
wididy different directions, and it is this e.s.sential clement of intcr- 
dependeiice that compels the engineer to acquire a compreliensivc know- 
led^Lje of cvcr\’ branch of his profession, so that he mas' be able to profit 
in his own special work by the advances of others. Ihit in addition to the 
work of devisin”' and constructii\q, the eni»incer is often called upon to 
fulfil the important administrative duties invuKed in the control of lar^e 
bodies of workers, upon whose efificienc}’ the economic production of the 
work depends. 

I"or the e.xeculion of his more professitmal duties the engineer should 
ha\e a clear ur.derstandini>- of the properties of matter and t^f the laws 
that i^overn them, not only in the qualitative, but more particularly in the 
(|uantitative aspect; and, above all, he .should po.ssc.ss such actual experi- 
ence as will enable him, when considering- any engineering- problem, to 
determine what princi|)les are uivolved and what is their relative imi)or- 
taiiv c. Hetween {practice and theory correctly e.xcrci.scd there can be no 
real conflict, and it is the difficulty of apj^reciatin^ the determining factors 
of the (jue.stion under consideration that most often leads to an apparent 
di.sa.qreement. 

Pn( ; i \ lOKkFXc; ani» Sc'IKNc k. — .X lthoui^h the practice of engineering 
is (!e|)endent up*ui the advance of pure science, it is fortunate that there 
can be progre.ss notwithstanding the incomplete state of our knowledge 
regarding the fundamental constitution of matter or the nature of gra\ i- 
tation and its relationship to other natural }>henomena. It is, however, 
certain that the satisfactoi}’ elucidatiim of thc.se problems would result in 
a greatl}' increa.sed rate of |)rogre.ss, and it is ccpially probable that in 
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many respects the practice of to-day would undergo a revolutionary 
change. It is not essential that the smith should know what* are the 
molecular forces that determine the properties of the iron he has to forge; 
it is sufficient that he should know the temperature at which it may best 
be worked, and be aware that above a certain temperature the molecular 
arrangement of the material will undergo changes rendering it unsuitable 
for his purpose. A dwelling may be made to serve all the purposes for 
which it was designed without necessitating on the part of the owner any 
precise knowledge of the foundations, provided they are sound. In the 
same way, notwithstanding his incomplete knowledge of the foundjitions 
of nature, the engineer who is familiar with the behaviour of his materials 
under the various conditions that arise in practice can prophesy with some 
certainty the result of any series of operations he may wish to execute. 

New Conditions. — As the general store of experience and data in- 
creases, and as the number of professional workers grows larger, it might 
be thought that the work of the engineer would be lightened; but in 
reality, as the boundaries of progress are enlarged, the difficulties to be 
surmounted increase both in number and complexity, and the require- 
ments to be satisfied become continually more severe. 

Under the present competitive conditions the closest study of every 
detail is essential to the maintenance of any position in the manufacturing 
world, and it is this competitive rivalry between nations and between 
individuals that has determined much of the progress of engineering. 
One striking e.xample of the rivalry that exists to some extent in every 
sphere, is the continuous struggle for supremacy between gas and elec- 
tricity. On the introduction of electric light it was thought by many that 
gas for lighting purposes would be largely superseded; but in reality, 
although electric light is extensively employed, the consumption of gas 
for the same purpose has increased to a still greater extent. The develop- 
ment of the incandescent mantle has resulted in the readoption of gas 
for street lighting, but the still more recent improvements effected in the 
design of metallic-filament lamps have again brought the electric lamp 
more nearly abreast of its rivals. . 

SOURCES OF ENERGY 

In the following pages the various systems of power production will 
first be described, and thereafter the more important applications of power 
thus developed will be di.scussed. Before dealing, however, with these 
applications the manufacture and properties of the chief materials of 
construction will be briefly considered. 

The natural sources of energy are distributed in one condition or 
another over the whole world, but the practical value of the source is 
determined by the nature and continuity of the supply and by the ease 
with which it may be transformed to a convenient and concentrated form. 
Of the pre.sent available .sources the most important are the fuels, coal and 
oil, and water; but there are other and greater stores of molecular energy 
which as yet are in the hands of the physicist and far beyond the reach of 
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the engineer who would employ them. Water is widely distributed over 
the world at suitable heights above the sea level, but unfortunately this 
very direct form of power can only be utilized in the comparatively near 
neighbourhood of the source, whereas in the case of coal and oil the fuel 
may be transported to distant regions where suitable supplies do not exist. 
In certain regions of the world, such as California, where the quantity and 
strength of the sunlight arc considerable, the direct heat of the sun is some- 
times utilized to a small extent by concentrating the rays upon a water 
boiler placed in the focus of a large parabolic mirror. SUN MOTORS of 
this description are, however, impracticable in other countries where the 
sunlight is intermittent and less intense. 

When COAL is burned upon the grate of a steam boiler a portion of 
the heat developed is transmitted through the plates to the water, which 
is converted into steam at a pressure depending upon the temperature 
attained; but a considerable part, amounting in an average case to one- 
third of the heat, is lost through incomplete combustion and also by the 
escape of the hot gases through the chimney to the atmosphere. Of the 
heat that enters the water a large proportion is absorbed in changing the 
state of the water, and as this heat is not utilized in the working cylinder 
the combined efficiency of the engine and boiler is greatly reduced. 
Attem[)ts have been made to burn finely pulverized coal more directly 
in the cylii^der of an engine, but owing to the mechanical difficulties in- 
volved no satisfactory results have so far been obtained. By distilling the 
coal and burning the gases produced in the cylinder of the engine the 
necessity of producing steam is avoided, and internal-combustion engines 
which consume not only gas but also oil and oil vapours are now very 
e.Ktensively employed, especially for small powers. 

Manual lauour of an unskilled kind is still an important source of 
power for certain kinds of work, and if the total energy thus expended 
could be estimated it would doubtless prove to be enormous. Such labour, 
however, cannot be centralized, as it must be for the driving of machinery, 
and the cost of manual labour as ordinarily applied is for many industrial 
purposes prohibitive. Wherever labour is dear it will be found that it has 
been supplanted, so far as the actual labour is concerned, by special ma- 
chinery, and that in such countries the development of engineering has 
been very rapid. Skilled labour cannot be considered as a source of 
power, since in such cases it is the craftsmanship that is of value. 

Animal labour plays a .still more important part in the work of the 
world ; but even in this form the energy available is not sufficiently con- 
centrated, and in many departments of engineering, such, for example, as 
traction, the horse is being generally abandoned in favour of mpre con- 
venient engines of greater power. 

WATER POWER 

Of the many natural forms of energy, water power lends itself most 
readily to industrial purposes; and where it exists in suitable quantities it 
}s applied with very economical results to the driving of machinery, or to 
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the production of electricity, which may then be distributed to other dis- 
tricts where water power is not available. Although there are innumerable 
sniall sources throughout the various countries, it is unfortunate that the 
number of localities favoured with important supplies is not great, and in 
many of these cases it is remarkable that they are far removed from an)' 
large industrial centre. In the case of Niagara the water power is trans- 
formed into electrical energy and transmitted as far as Buffalo, where it is 
utilized in the factories; but the cost of transmission is considerable, and 
the area of distribution is thus limited. Many new factories have been 
transferred to the Niagara district itself; but this solution of the difficulty 
is not always possible, since the situation of a factory is determined largely 
by the facilities for the transpprt of the raw materials and of the finished 
goods. 

Tidal Energy. — Before proceeding to discuss the methods of trans- 
forming the energy stored in water it will be of interest to consider quan- 
titatively the energy obtainable from the tides. In practice, where the 
height of the tide is considerable, the water might be allowed to flow into 
a large reservoir as the tide rose, and then during the ebb the energy of 
the falling water might be utilized by means of water wheels or turbines 
or other suitable machines. It is possible that a certain amount of the 
energy of the flowing tide might be transformed, but this amount is 
neglected in the following estimate, and the whole of the energy in the 
ebbing tide is considered as being obtainable. 'J'he energy exixinded in 
the fall expressed in foot-pound units will be equal to the weight (in 
pounds) of the water multiplied by the mean height (in feet) of the fall. 
Thus, if the fall of the tide be 2 ft., the mean fall, that is, the height 
through which the centre of gravity of the body of water falls, will onl)' 
be I ft. By calculation it appears that from each acre of reservoir 
i6o h.p. would be the maximum obtainable during one minute for a tidal 
rise of 2 ft. If the rise were as great as lo ft., the power obtainable for 
one minute per acre would be only 4000 h.p. Considering the increasing 
value of land, and the cost of the installation of such a system, any 
extensive utilization of the tides does not appear to be feasible under 
existing condition.s. It would be possible at the present day to install 
upon the same area, one acre, a steam plant which would continuously 
develop from 15,000 to 20,000 h.p. 

Tidal energy may be successfully utilized for very small powers when 
the rise is considerable and the conditions are favourable, as, for example, 
on the Bristol Channel, where the ebb and flow of the tide has in one small 
plant been made to drive a water wheel. Such examples are not, however, 
numerous or of much industrial imix)rtance. 

Potential and Kinetic Energy in Water. — Whereas the energy 
of the tides is obtained from the moon, and to a smaller extent from the 
sun, the water power which can be applied most readily to the driving 
of machinery is indirectly derived from the sun alone. During the heat 
of the day the water of the sea and of the lakes and rivers evaporates 
under the action of the sun, and the vapour is absorbed by the heated 
air. At night, when the temperature of the air falls, the vapour is dc- 
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posited as dew upon the ground, afid this is especially the case on the 
higher portions where the temperature varies most Sudden variations 
of temperature may result in the -condensation of the moisture as rain 
or snow, but a very considerable proportion of the water deposited on 
the mountain tops is due to the regular nightly fall of dew. A portion 
of the deposited water gravitates to the sea level as surface streams and 
rivers, and a second portion sinks downwards into the earth until stopped 
by an impervious stratum of rock or clay. In the basins and fissures 
formed by such strata the water accumulates and forms the sources of 
the springs which flow with great constancy, in the case of the deeper- 
seated ones, however irregular the rainfall may be. W^hen water is stored 
at a height above the sea it constitutes a source of power, the total amount 
being determined by the weight of the water thus stored and by the ver- 
tical height through which it must fall before it reaches the sea level, which 
forms the datum line in the estimation of all water power. If the stored 
water is at rest its energy is said to be in a potential or pressure form, 
and if it is flowing, a portion of the energy appears in a kinetic form. 
According to the principle of the conservation of energy, which is appli- 
cable under all conditions, the energy stored in the water must be the 
same whether it is in the pressure or the kinetic form, or in both com- 
bined; that is to say, any increase in the energy of motion of the falling 
water must be accompanied' by a corresponding decrease of the pressure 
energy. 

If the energy is in the potential form, some type of pressure engine 
or turbine ma\' be adopted for the utilization of the power, and, on the 
other hand, if the energy is kinetic, some other type, such as the impulse 
turbine, will be required. Sometimes, as already stated, the energy exists 
in both the potential and kinetic forms, and a third type of motor, com- 
bining the essential features of the two kinds above mentioned, may be 
employed. 

Water Rams. — In a running stream the water possesses kinetic 
energy which may be utilized to raise a portion of the water to a height 
greatly exceeding the actual fall of the stream itself. If the height to 
which it is required to raise the water be great, the quantity will be corre- 
spondingly less, as the power available is determined by the strength of 
the stream. The water ram invented by M. Montgolfier is a simple appa- 
ratus long used for this purpose. At the present day these water rams 
are extensively used for agricultural purposes and for supplying water 
to highly situated private houses. A typical example, made by Glenfield 
& Kennedy, of Kilmarnock, is illustrated in fig. 465. Across the supply 
stream is built a small dam, from the base of which a pipe is led and con- 
nected to the ram at D P, and from u P is led the rising pipe through, which 
the water is to be pumped. DV is a valve which, owing to its weight, 
always tends to open downwards, and CV is a non-return valve which 
allows water under pressure to pass upwards but prevents its return. As 
the water flows from the reservoir into the ram it escapes through the 
open valve DV and passes away to waste. The opening of the valve 
is, however, not sufficiently large to pass all the water, and the flow is 
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accordingly throttled, with a consequent diminution of the velocitj- energy, 
and a corresponding increase of the pressure. When the pressure rises 
sufficiently to raise and close the valve D V the motit)n of the stream is 
arrested, and the pressure rises suddenly to an e.xtent limited only b\' 
the energy of the stream. Under this pressure the water passes through 
the non-return valve into the pipe attached at 
R r. As the water thus commences to flow again, 
the pressure decreases until, at a certain point. 




Fig. 463.*— Hydraulic Ram 


the valve DV opens under its own weight, which is carefully adjusted 
to suit the particular conditions, and the water escapes as before through 
the valve to waste. This cycle repeats itself automatically, and the water 
ri.ses upwards in the pipe by intermittent stages. It is understood that 
the invention was sugj^ted to Montgolfier by the loud hammering which 
occurs in a vertical water pipe when a tap at the lower end is quickly 
closed. Screw-down taps are invariably used on domestic supply pipes, to 
prevent rupture caused by the sudden rise of pressure which occurs when 
the motion of the water is suddenly stopped. To secure regularity of 
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the action, and to prevent the pressure from rising too suddenly and 
violently, it is necessary to add an air vessel AV. When the pressure 
is high the air is compressed, and as the pressure falls the air expands 
and maintains for a longer period a more regular flow of water in the 
rising pipe. R P. In practice it was found that the air in the vessel A V 
was absorbed by the water, which then completely filled the chamber 
and stopped the action. To remedy this defect a small snifting valve, 
so arranged as only to open inwards against the action of a spring, was 
added, as shown at SV. At each pulsation air is drawn in through the 
valve, and passes with the water into the air vessel to compensate the 
loss through absorption. It will be evident that the efficiency of the 
apparatus cannot be great, but for the purposes already mentioned great 
efficiency is not of first importance. Only about 5 or 6 per cent of the 
water is actually raised, 
but as the pulsations 
may be over 50 per 
minute and the action 
continues both day and 
night, the quantity of 
water delivered may be 
considerable. 

Watkr Wheels. 

— Water wheels of the 
primitive type in use 
200 years before the b 

Christian era may be 

seen working at the 

present day, but they Fig. 466.— overshot Water wheel 

are being entirely 

superseded by the more efficient and convenient water turbine. In its 
earliest form the water wheel consisted of a number of broad float-boards 
arranged radially around the i^eriphery of the wheel, with the lower ones 
immersed in the running water, which drove them forward. On the same 
axle, or in gear with the periphery, was arranged a large toothed wheel, 
from which were driven the millstones or other machinery. A later im- 
provement consisted in slightly inclining the floatboards in the direction 
of the stream, so as better to retain the water. Wheels of this kind 
utilize the kinetic energy of the water, and are known now as IMPULSE 
WHEELS, to di.stinguish them from PRESSURE WHEELS, which derive their 
motion from the weight of the water above them. 

Undershot wheels, which are driven by the action of the water 
flowing under them, were at one time greatly favoured on account of 
their simplicity and the ease with which they could be installed on 
streams of small fall; but, so far as efficiency is concerned, the perform- 
ance of such wheels is not good. In wheels of the overshot and breast 
types, both the weight and the impulse of the water are utilized, and 
the performance of the wheel is thus much improved. An early example 
of an overshot wheel is shown in fig. 466, from which it will be seen 
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that the water is led to the top of the wheel and discharged at the bottom 
the available head of water being the height between the penstock level 
A and the level of the tail-race H; but actually the head is considerably 
less, as the water is discharged before the buckets reach the bottom. As 
already mentioned, the water acts over a portion only of the effective 
circumference of the wheel. With a view to remedying this defect the 
BREAST WHEEL was introduced, but the superiority of the arrangement 
is doubtful, owing to the difficulty of preventing leakage. In the breast 
wheel the mouths of the buckets generally open in the opposite direction 
to those of the overshot wheel, and the water is carried by the other side 
— that is, in the space between the wheel and the breast wall. 

Pelton Wheel. — An undershot wheel having straight float-boards 
is a much less efficient machine than the overshot wheel driven solely 



Fig. 467. — Pelton Wheel (casing removed) 


by the weight of the falling water. In the case of the latter the water 
is discharged at the lower level from the buckets in a more or less spent 
condition, and with buckets well ventilated to prevent the splashing that 
otherwi.se takes place, due to the accumulation of air, an efficiency of 
about 70 per cent is obtainable. In the ca.se of the impulse wheel with 
flat floats the maximum theoretical efficiency is only 50 per cent, and 
the actual efficiency is very much less. This will be evident when it is 
considered that the water is di.scharged with a velocity equal to that of 
the wheel floats. It is theoretically possible, by suitably forming the 
buckets, to abstract the whole of the kinetic energy of the water, and 
thus obtain an efficiency of lOO per cent. In the early Poncelet under- 
shot wheel the flejats were so curved that the water at the moment of 
discharge flowed from them in a direction opposite to that of the stream 
with a considerable velocity, but the same idea is better illustrated in 
the Pelton wheel, fig. 467, which was first introduced in America. Around 
the periphery of the wheel are arranged double buckets, which rotate in 
turn past the nozzle of the water-supply pipe, shown in position in the 
illustration. The water issues from the nozzle with a velocity deter- 
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mined by the head of water, and impinges upon the buckets, which are 
so curved as to deflect the water to either side, and backwards in a 
direction parallel to its original course. If the velocity of the buckets 
is about half the velocity of the jet, the water will be discharged with 
no velocity relatively to the earth, and therefore all its available energy 
will have been abstracted by the wheel, one half of the energy being 
ex[)endcd in the impact and the other half in the reaction of the water 
while being deflected backwards. In practice the jet of water is not com- 
pletely turned through i8o degrees, but is discharged towards both sides 
with a velocity sufficient to carry it clear of the wheel. When properly 
designed, and when working under normal conditions, an efficiency of 
over 8o per cent is obtainable, but there is some difficulty in efficiently 
regulating the Pelton wheel when the supply of water varies to any 
great extent. 

For the driving of dynamos, and in other cases where the demands for 
power vary considerably, it is necessary to use a centrifugal governor for 
automatically regulating the speed even at the cost of efficiency. Instead 
of opening and closing the water-supply valve, which could not be done 
with sufficient rapidity, the governor acts upon the nozzle and deflects it 
slightly to one side about a pivot, so that the jet partly misses the wheel. 
In another type the halves of the buckets are carried upon two wheels 
arranged side by side upon the same axle. As the speed rises the 
governor separates the wheels, and thus allows a portion of the jet to 
pass idly between the halves of the buckets. 

Water Movement in Pipes. — Jiefore describing the different kinds 
of turbines, the action of which depends upon the motion of the water 
through curved passages, it will be advisable to consider the changes that 
take place as water passes through a pipe of varying section. If the pipe 
be completely filled, the velocity of the water will vary inversely as the 
sectional area, since the quantity which passes any section per unit of time 
must be the same throughout. At the narrow portions the velocity will 
be great, and at the larger-diameter sections correspondingly less ; but, as 
already explained, a reduction of velocity must be accompanied by a rise 
of pressure if the total energy remains unchanged, and therefore at the 
small sections the pressure will be low and the velocity high, while at the 
large sections the pressure will be high and the velocity low. By varying 
the form of the passages, or as they are called in turbine practice “ vanes ”, 
the velocity and pressure of the water may be relatively altered as desired. 

Water Turbines. — From an historical point of view the simple 
REACTION WHEEL illustrated in fig. 468 is of some interest as being the 
early form from which have been developed the turbines of the present 
day. It was invented in the seventeenth century by Dr. Barker, who called 
it a centrifugal mill; but, as will be shown later, centrifugal force plays 
a less important part than reaction. The tube U, supported upon a pivot 
at W, and guided at the top, is provided with two hollow arms, each of 
which has a water exit, as shown at A and z. Water admitted to the tube 
U through the funnel V passes along the arms and escapes tangentially and 
in opposite directions from the apertures. If the apertures did not exist, . 
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every portion of the tubular arms would be acted on by the water pressure 
due to the head of water in the vertical pipe U; but when the apertures 
are opened the pressure over these areas no lonj^er exists. On the por- 
tions of the tubes opposite the apertures the pressure still remains, and, 
beiii" unbalanced, drives the arms round in a direction contrai*)' to that of 
the escaping water. The motion is therefore due to reaction, and lienee 
the term renefioN zc/icet. Centrifugal force has also some influence, because 
as the arms revolve the centrifugal force of the contained water increases 
the effective head, and by measuring the water discharged in a given time 
it can be shown that the quantity is greater when the wheel is revolving 

than when held stationary. 

In principle the pure reaction wheel 
is defective, because the water is dis- 
charged with a considerable velocity rela- 
tively to the earth, which means so much 
lost energy. In modern turbines an. initial 
rotational velocity or whirl is communi- 
cated to the water, so that when it lea\'es 
the turbine-wheel vanes its velocity rela- 
tively to the earth is such that it just 
moves clear of the wheel and its whole 
available energy is thus abstracted. 

It is cu.stomary to classify turbines 
according to the general course of the 
water through the wheel in relation to the 
axis of rotation. Thus the terms OUTWARD 
FLOW, INWARD FLOW, and PARALLEL 
FLOW are commonly used to distinguish 
those turbines in which the water flows 
radially from the axis, or radially towards 
it, or in a direction parallel to it. Some- 
times the course of the water is both 
radial and parallel, in which case the 
term mixed flow is u.sed. Another 
is ba.sed upon the condition of the water 
as it passes through the wheel, and this is the classification that will be 
adopted here, namely, pressure or reaction turkines and impulse 
TURBINES. To the first group belong the Fourneyron, Jonval, and Thom- 
.son turbines, and to the second the Girard turbine and the Pclton wheel. 

A turbine usually consists of two rings of curved vanes or buckets 
arranged concentrically or one above the other. One set of buckets is 
fixed and serves to change the direction of the flow, so that the water 
will enter the second set of moving vanes with the desired motion and 
without shock. In turbines of the pressure type the buckets must be 
kept full of water, owing to the pre.ssure which exists throughout, and 
since there is a pressure in the clearance space between the wheels they 
must be run as closely together as possible to avoid loss of water. 1 o 
obtain the maximum efficiency the water must be admitted to all the 



Fig. 468.— Barker’s Centrifugal Mill or 
Reaction Wheel 


and more scientific cla.ssification 
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buckets simultaneously, as otherwise there will be considerable loss in 
either expelling* dead water or in wastefully filling the empty passages. 
The necessity for full admission makes the efficient regulation of pressure 
turbines a matter of considerable difficulty, and in practice the system 
generally adopted is to partially reduce the admission by means of gates 
at the entrances to the guide buckets, although the efficiency is thereby 
considerably affected. At full gate the efficiency of an ordinary odtward- 
flow turbine may be about 75 per cent, while at quarter gate the efficiency 
will probably fall to 25 per cent. Pressure turbines may be run com- 
pletely immersed, as shown in fig. 469, which is an example of a Jdnval 



Fig. 469.— Jonval Reaction Turbine 


turbine plant installed by Messrs. Gunther & Sons. When desired, how- 
ever, the wheel may be raised above the tail-water level, and in such cases 
the di.schar|Te pipe is made to dip under the surface in order to utilize the 
suctiun of the remainder of the fall. A pressure turbine is best suited for 
low or medium falls where the tail-water level fluctuates. 

The late Professor James Thomson, of Glasgow University, effected a 
great improvement in the economy and regulation of pressure turbines 
by the introduction of the Double-vortex arrangement illustrated in 
fig. 470. The water flows inwards through the long curved guides shown, 
and enters the moving wheel, from the centre of which it is discharged. 
By discharging the water at the slowest moving part of the wheel it is 
possible to eject the water with the least velocity. 

Centrifugal force also plays an important part in the action, especially 
in balancing a portion of the pressure. As the wheel rotates, the centrifugal 
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action of the contained water increases the pressure at the circumfer- 
ence, and so reduces the difference of pressure which exists between the 
exit from the guides and the entrance to the buckets. Wherever a sudden 
difference of pressure occurs in the flow of water there is a considerable 
loss of energy due to shock and the formation of eddy currents, and this is 
largely obviated in the vortex turbine, as just explained, and also by the 
unusual length and the form of the guide vanes. Owing also to the centrif- 



Fiff. 4;a~The Double-vortex Reaction Turbine of Professor James 'fhomson (discharge pipe removecr 


ugal action the speed regulates itself automatically as the load varies. If 
the load be suddenly reduced the speed of the wheel increases, and with 
it the centrifugal pressure of the water which retards the flow from the 
guide vanes. Similarly, when the speed falls, owing to an increase of load, 
the pressure at the circumference of the moving wheel falls, and a larger 
supply of water is admitted. Outward-flow turbines act in the reverse way 
and accentuate any fluctuations of the speed, while in the parallel -flow 
types the centrifugal action has no effect. 

When the supply of water varies, the guide vanes are rotated about 
their inner pivoted ends so as to alter the .sections of the guide pa.ssages 
without introducing sharp obstructions. The illustration of the Thomson 
vortex turbine (fig. 470), manufactured by Gilbert Gilkes & Co., of Kendal, 


AIR POWER 


15 

shows clearly the adjustable guide vanes and the wheel contained in the 
supply casing from which the discharge pipe has been removed. 

Impulse turbines are used for high fells, since it is possible to work 
them with partial admission, and they do not run submerged. With a 
high fall the water friction and eddy losses would be considerable in the 
case of a quickly moving submerged wheel, and as partial admission is not 
economically practicable the wheel diameter and the speed of rotation 
would require to be inconveniently great. For high falls exceeding icx> ft. 
the unsubmerged impulse turbine is therefore adopted, as it runs equally 
well with partial admission. In its passage through the guide vanes the 
whole available energy is transformed into the kinetic form, and the pres- 
sure is thus reduced to that of the atmosphere. When the water enters 
the wheel it glides along the surfaces of the vanes without filling the 
buckets, and imparts its enetgy to the wheel. At all parts of the wheel 
the pre.ssure is merely that of the atmosphere, but to ensure the absence 
of lower pressures, which might cause splashing, the buckets in the Girard 
turbine are* ventilated to prevent the water from leaving the surface. 

AIR POWER 

Windmills. — For industrial purposes the force of the wind is of too 
intermittent and indefinite a nature to make its extensive adoption possible 
in competition with other sources of power, such as water and fuel, when 
these are readily obtainable. At .sea the currents of air are not so indefinite, 
and on certain trade routes a large part of the merchant traffic is carried 
on by means of sailing ships. As an auxiliary to the steam engine at sea 
the wind sail is a very valuable addition, and it is largely taken advantage of. 

Windmills are most generally employed for the pumping of water, the 
grinding of grain, and other agricultural purposes ; but their use is more or 
less limited to certain situations where the winds are constant. There are 
certain places near the sea where the wind blows with great r^ularity 
from the sea during the daytime and from the land during the night, and 
in these places windmills are frequently used for driving grain mills and 
for similar minor purposes. Although windmills are known to date from 
an early period, it is very doubtful where and how they actually originated. 
It is certain, however, that many of them were employed in the twelfth 
century, particularly in Holland, for pumping water through the low-lying 
canals. 

European windmills represent the more ancient types of wheels, 
which generally consist of four arms upon which the sails are spread, 
while the modem development is represented by the American mills, 
which have continuous wheels composed of numerous narrow blades or 
slats. So far as Continental mills are concerned, there are two kinds, which 
differ in the method adopted of bringing the wheel into the wind. In the 
Dutch wheel the walls of the tower remain stationary, and only the roof 
or head carrying the wheel and shaft requires to be turned to suit the 
direction of the wind. German- or Post Mills, on the other hand, are 
carried upon a central vertical shaft, and the whole mill is turned eitlier by 
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hand or mechanically. Between these two extreme types there are others 
in which a portion of the mill is pivoted, but the simple Dutch and German 
constructions are most commonly to be seen on the Continent. 

Some makers prefer flat sails, inclined to the surface of the wheel at 
various angles dictated chiefl}' b\’ their experience, while others acKocatc 
curved vanes. I^ach system doubtless possesses certain features of advan- 
tage, and it is difficult to make any very definite comparison of their 
respectiv’e merits. To utilize the wind to the greatest advantage it is 
essential to provide means, either manual or automatic, for turning the 
wheel as the direction changes, and for governing the motion as the force 
varies. The automatic arrangement for directing the wheel usually con- 
sists in a small secondary wheel placed at right angles to the main one, so 
that, when the direction of the wind alters, the little wheel is acted upon, 
and by means of suitable gearing the large wheel is rotated until it once 
more faces the wind. American wheels are much more lightly built of 
steel and wood, and can be easily controlled, so far as direction is con- 
cerned, by means of a flat balance vane placed, in some cases, at right 
angles to the wheel and m line with the wheel spindle. 

To regulate the speed as the force of the wind varies, many ingenious 
arrangements have been devised, and there is now little difficulty in main- 
taining a s[3eed sufficiently constant for all practical purpose.s. In the 
earliest mills a brake was fitted on the wheel shaft, but this arrangement 
was soon abandoned in favour of the system of reducing the area of sail 
presented to the wind.. The sails were so arranged in the early mills 
that they could be rolled up or furled as required, but this involved 
frequent stoppages, as the furling was done by hand. In 1780 Andrew 
Meikle attached the sails in sections to transverse rollers, and fitted a 
centrifugal governor which automatically rolled up the sails and thus 
reduced the exposed area in proportion to the increase of speed. Suitable 
weights were provided for unfurling the sails again as soon as the sf^eed 
was reduced to the desired limit. In another type, devised by Sir 
William Cubitt in i860, the sail was divided into sections pivoted in 
such a way that the wind could pass idly through the wheel when they 
were opened by the action of the governor. This system of opening 
or closing the blades is the one frequently adopted in American wheels 
of the present day. 

There are two general classes of American windmills, distingui.shed 
principally by the methods adopted for governing the s[)eed. In the 
SECTIONAL-WHEEL ARRANGEMENT, the pivoted slats of the wheel are 
turned more or less with their edges to the wind by the action of centrif- 
ugal governors, and in the SOLID-WHEEL TYI»E the slats are fixed, and 
the whole wheel is turned out of the wind, which acts upon side vanes. 
In each case independent rudders are provided to bring the wheel into 
the wind; but in one type of American wheel, the Leffel, first intro- 
duced in 1880, the independent rudder .serves the double purpose of 
regulating the speed as well as the position of the wheel. This result 
is obtained by setting the rudder at an angle to the wheel, so that an 
increase of the wind velocity tends to turn the whole wheel slightly out 
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of the wind and thus to reduce the effective area. More sensitive regu- 
lation of the speed is obtained by the use of centrifugal governors than 
with the side- vane arrangement, but the latter is in general sufficiently 
sensitive, and is preferred by some users on account of its simplicity. 

Windmills of the American sectional type were first devised by Daniel 
Halladay, and one of these Halladay wheels, as manufactured by Alfred 



Fig. 47x.~The Halladay Sectional-vane Windmill Fig. 47a.— The Solid Side-vane Windmill 


Williams & Co., of London, is illustrated in fig. 471. It will be seen 
that the wheel is in sections, each of which is pivoted, and so controlled 
by a centrifugal governor as to present a reduced area to the wind whei^ 
its velocity increases. Weighted arms return the sections to their original 
position when the pressure of the wind again falls. At right angles to 
the wheel, and in line with the shhft, a rudder is fitted to keep the wheel 
as a whole in a position normal to the wind. Steel is generally used for 
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the tower, which is of sufficient height to carry the wheel clear above all 
surrounding buildings. 

In the windmill of the solid side-vane type, illustrated in fig. 472, the 
slats of the wheel are not movable, and the regulation both of direction and 
speed is effected by means of a side vane set at an angle to the plane 
of the main wheel, upon which it acts through a strong intermediate 
spiral spring. In very rough winds the wheel presents its edge, and as 
the velocity decreases its face swings back until its full sail area is again 
acted upon. 


CHAPTER II 
FUELS 

The Natural Fuels. — Owing to the limited distribution of air and 
water power, and to the variable character of the supplies, only a small 
proportion of the total power required for industrial purposes is obtained 
from these natural sources, the greater portion being more indirectl}' 
derived from the combustion of the solid and liquid fuels which are found 
widely distributed over the world. Of the natural fuels — coal, wood, peat, 
and oil — the most important is coal, but for many purposes the use of 
oil is becoming very general, not only for the direct driving of internal- 
combustion engines, but also for the firing of steam boilers. Carbon and 
hydrogen, with minor quantities of sulphur and oxygen, are the chief 
constituents of the fuels, and the evolution of heat is the result of the 
chemical combination or combustion of the carbon and hydrogen with 
free oxygen derived from the atmosphere. 7 'he carbon combines with 
the oxygen to form either carbon monoxide, C O, or carbon dif)xide, C 0 .j 
the formation of one or other being determined by the amount of oxygen 
present and by the temperature. In the complete combustion of the 
carbon to C 14,500 B.Th.U.^ of heat are evolved, but only 4300 units 
result from the formation of the lower oxide CO. hVom the combina- 
tion of the hydrogen with oxygen, which together produce water, ILjO, a 
calorific value of about 62,000 B.Th.U. is obtained. Hydrogen is thus the 
most valuable constituent of any fuel, and the larger the percentage of this 
element the greater is the heating value, provided the hydrogen is free 
and not already combined with oxygen. Sulphur is present in most 
coals in comparatively small quantities, and its oxidation to the form of 
sulphur dioxide, S Og, results in the evolution of only 4000 heat units, so 
that, so far as its total heating value is concerned, the sulphur is negligible, 
but the sulphuric acid which results from the combination of the water 
and the sulphurous acid has a serious corrosive effect upon the metal of the 
furnace and boiler, and the presence of sulphur is therefore a disadvantage. 

^ A British Thermal Unit, denoted by the letters B.Th.U., is the quantitative measure of heat, and 
is the quantity of heat required to raise by x** F. the temjscrature of one pound of pure water at its point 
of maximum density, namely 39.1** F. In metric units the heat unit is called a calorie, i calorie being 
equal to 3.97 B.Th.U. 
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For industrial purposes the fuels most widely used are coal, wood, and 
oil, each of which exists in nature in many different forms. There are, 
of course, many minor sources which are utilized when none other is 
readily available. Thus, for example, in Cuba, the West Indies, and 
parts of the United States of America the refuse of the sugar cane, after 
the extraction of the juice, is very generally used as fuel. This refuse, or, 
as it is called, BAGASSE, contains a large percentage of moisture, so that 
the heat available for useful work is not generally more than 30 per 
cent of that obtainable from average good coal. In many parts of the 
world there are also extensive deposits of PEAT, which, however, cannot 
as yet be extensively utilized in competition with coal. When dried in 
air, peat still contains about 30 per cent of moisture, and the elimination 
of this amount involves the loss of a considerable portion of the available 
heat. 

Wood Fuel. — In a thoroughly dry condition there is little difference 
between the heating values of the various hard and soft timbers, and what 
difference there is, amounting at the most to 10 per cent, is in favour of 
the softer woods. In estimating the quantity of wood fuel that may be 
required, it is safe to reckon the heating value as 0.57, that of ordinary 
bituminous coal ; but, as this is the value for dry wood, it will be necessary 
to determine the proportion of moisture, which may be as much as 40 
per cent, and to make allowance for its evaporation. Where wood is 
plentiful and cheap it is largely used for heating and the production of 
steam, but, on account of the small calorific value compared with that 
of coal, it is necessary to provide a larger grate area. 

Coal. — h>om the analysis of coal, and from the microscopic examina- 
tion of its structure, it is easy to infer that it has originated in the primeval 
forest swamps of the Carboniferous fjeriod, although the nature of the 
transition from vegetable or woody fibre to anthracite is not so evident. 
W’hen wood decomposes in the air its carbon is rapidly consumed, but 
when it is covered by water and protected from the atmosphere the loss 
of carbon is less in proportion to the diminution of the oxygen find 
hydrogen. There is therefore a gradual increase in the proportion of 
carbon relatively to the hydrogen, and more so to the oxygen, as is 
indicated in Tabic I. 


Element. 

1 )iy Wood. 

Peat. 

Lipiile. 

Splint Coal. 

Caking Coal. 

Anthracite. 

(.'arbon 


60 

68.0 

82 



Hydrogen ... 


6 

5 -S 

5 

4 


Oxygen 

HB 

34 

26.5 

13 

9 



»oo % 

100 % 

100 % 

100 % 

100 % 

•00 % 


Moisture and ash have been excluded, as they vary widely according 
to the district from which the. mineral is taken. The ash varies from 
3 to over 30 per cent, and the moisture up to 25 per cent. Carbon may 
exist in coal in the fixed condition, or combined with hydrogen as volatile 
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hydrocarbons, and in practice the value of a coal is determined by the 
proportions of the fixed carbon and the volatile matter. 

Table II shows how the proportion of fixed carbon increases, and the 
volatile hydrocarbons decrease, as the mineral lif^nite chanj^es in time to 
anthracite. 


Kuol. 

Fixed C'.'irbim. 

Volatile Matter. 

Ileatinj; Value per 
i‘uuu(i of Fiiei. 

.Lignite... 

Under 50 per t ent 

Over 50 per cent 

1 1,000 to 13.500 

1 Bituminous 

50 to 75 

50 to 25 

13,500 to 15,500 

1 Semi-bituminous 

75 to X7.S „ 

25 to 12-5 „ 

15,500 to 16,000 

1 Anthracite ... 

1 1 

92.5 to 97 „ 

7.5 to 3.0 „ 

i4,tSoo to 14,600 


Coal in general may be considered as consisting of a combiislible porticMi 
included in Table II under the headings Fixed C!arbon and Volatile 
Matter, and of certain proportions of ash, moisture, and such impurities 
as sulphur. A large proportion of ash is objectionable, not onh' because 
it reduces the heating value per pound of ct)al to be burned on the grate, 
but on account of the formation of clinker, which adheres to the grate 
bars and obstructs the entrance of air. A large percentage of moisture 
also diminishes the heating value, as some of the heat is absorbed in 
vaporizing the excess of water. For several reasons the presence of 
sulphur, even in small quantities, is objectionable. It corrodes the iron- 
work, and forms with ash a fusible clinker which clings tenaciously to 
the firebars. 

Lignitk is a light-brown .substance of a distinctly woody texture, 
and is intermediate between peat and bituminous coitl. It readily absorbs 
a large amount of moi-sture, .and, on account, also, of the large quantity 
of air required for its combustion, it does not form an economical fuel, 
as a considerable portion of* the heat is wa.stefully expended in heating 
the inert nitrogen which accompanies the oxygen of the atmosphere. 
When burned it gives at a moderate temperature a slightly smoky flame, 
and it does not readily fuse. 

Bituminous coals contain a considerable proportion of hydrocarbons, 
which distil readily and burn with a characteristic yellow flame. When 
the proportion of volatile matter is high the heated coal swells and fuses 
together, and is said to cake. Non-caking bituminous coal, as the name 
implies, does not fuse together when heated, owing to the smaller per- 
centage of the hydrocarbons, and it is commonly called “free burning” 
coal. Bituminous caking coals containing a large proportion of volatile 
matter are used for the manufacture of ga.s, the hydrocarbons being dis- 
tilled in hermetically sealed ovens or retort.s. The carbonaceous residue, 
known as coke, is of the nature of anthracite, which naturally contains 
but little volatile matter, and it has commercially a considerable value, 
owing to the intensity of the heat of combu.stion and the freedom from 
smoke. 

Anthracite, or hard coal, bums with a clear, short flame of a 
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yellow-blue colour, and practically no smoke is evolved during its com- 
bustion. This is due, as in the case 'of coke, to the absence of hydro- 
carbons, which can onl> be completely consumed at a considerable 
temperature and in the presence of sufficient air. 

Natural Oil. — Natural oil is found in large quantities in the oil 
regions of North America, Western Canada and Pennsylvania, the Car- 
pathians, and Borneo. It is also found in the Russian territory stretching 
along the Caspian Sea, particularly at Baku. Smaller quantities are 
obtained from other districts, such as Scotland, where it is produced by 
the distillation of oil shales, which contain in addition by-products ’of 
considerable value. 

Petroleum is the general name used to denote the natural mineral 
oils, which, however, vary considerably in appearance and density. It is 
ill reality a mixture of oils of various densities, which may be separated 
by fractional distillation, or distillation in stages of increasing temperature. 
At the lowest temperature the lightest oil, having the highest “flash-point”; 
is driven off, and as the temperature is increased in stages the oils arc 
driven off in the order of their lightness, until at the last are left the 
heaviest oils or pitch, which can only be consumed at a high temperature. 

It is generally agreed that the naturjil oils have resulted from the 
heating of adjoining coal beds, but this supposition does not explain the 
existence of the Pennsylvanian oil, which occurs in beds of sandstone 
far removed from the rocks of the Coal periods. 

Crude oils consist largely of carbon and hydrogen, with small pro- 
I)ortions of sulphur, nitrogen, arsenic, and phosphorus, but it may also 
contain up to 50 per cent of water, according to the situation of the well 
and the care with which the water has been abstracted. 

Petroleum varies in «ippearance from a thin, colourless liquid, known 
as NAPHTHA, to a thick, black pitch or mineral tar. In practice the 
name petroleum is usually reserved to denote the intermediate qualities. 
The oils from the fields of Western America yield, on distillation, large 
quantities of PARAFFIN, while those from California and Russia yield 
ASPHALT and OLEFINE respectively. Gasoline, benzine, kerosene, 
and the other petrol oils used in internal-combustion engines are all driven 
off at lower temperatures than that required to vaporize the paraffin and 
heavier oils. 


CHAPTER III 

STEAM GENERATORS 

There are two general methods of converting the heat which results 
from the combustion of fuel into mechanical work. In the case of gas or 
oil fuel the energy may be applied directly in the cylinder of an internal- 
combustion engine, and this is the system which has been extensively 
developed within more recent years. At the present time, however, the 
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older system of burning the fuel on the grate of a boiler and of using the 
steam thus produced to drive an engine is the one still most universally 
adopted, cspeciallj' for the development of large powers. 

Steam. — When heat is applied to water the temperature rises until the 
boiling-point is reached. At the pressure of the atmosphere the water 
commences to boil when the temjierature reaches lOo’C. ; but ebullition 
does not commence until the temperature reaches 200' C. when the pres- 
sure is further increased by 200 lb. per square inch. 

After the boiling-p<3int is reached, the continued application of heat 
changes the state of the water from the liquid to the gaseous c(Midition; 
and until the water is completely converted into steam the t(?mperature 
does not alter. In this condition the steam is said to be saturated. The 
further application of heat raises the temperature and increases the volume, 
or the pressure if the vapour is prevented from expanding. Steam which 
is not in contact with water is said to be dr)', and when its temperature is 
increased above the critical point it is said to be superheated, the degree of 
superheating dej^ending upon the temj^erature of the dry steam. It will 
be seen from the above that a very large proportion of the total heat of 
steam is latent, and that the internal energy of the steam is much greater 
than the external energy even when the steam is superheated to a high 
degree. If the latent heat could be made to increase the external energy 
it would suffice to make the water red-hot. 

Heat and Work. — M. Sadi Carnot, in 1824, first stated the principle 
that when a heat engine does work the working substance necessarily falls 
in temperature; but Carnot was not aware that the work was done at the 
expense of a portion of the heat which thus became transformed. Joule’s 
experiments in 1843 established the doctrine of the conservation of energy, 
and showed that by the expenditure of i British thermal unit 772 ft. lb. of 
work could be performed, or vice versa. Later experiments have shown 
the mechanical equivalent of a heat unit to be at least 778 ft. lb., and this 
is the number that is generally used in practical calculations. 

Efficienxy of Heat Engines. — Carnot’s proposition has led to the 
important conclusion that the maximum work obtainable from any heat 
engine is determined by the quantity of heat in the working substance 
and by the temperature through which the working substance falls in 
the operation. If Q be the quantity of heat, and and the temfjera- 
tures at the beginning and the end of the operation, then the work W 
= Q(Ti — Tg); and since the whole energy available is equal to QT^, 

the efficienev E = - "T - — that is. the efficiency of 

y ^ 1 . . ^1 

the engine depends upon the initial and final temperatures of the working 
substance, and the greater the extremes the greater the efficiency. There 
are unfortunately practical limits to the higher temperature, determined by 
the corresponding pressure and by the action of the working substance at 
high temfjeratures on the metal parts of the engine and boiler. The lower 
temperature is also limited by the natural temperature of the air or water 
into which the heat is rejected. 

Requirements of a Good Boiler. — Steam boilers or generators of 
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endless variety have been devised to meet the very varied conditions of 
actual service; but it is generally possible to include any boiler under one 
or other of certain definite types, and a detailed description of many special 
designs is therefore unnecessary. 

Where the accommodation is not limited, or where the demands for 
steam do not fluctuate rapidly, a simple type of boiler is generallj' adopted ; 
but where the space is restricted, and the demands for steam vary suddenly 
and within wide limits, it is necessary to adopt a more complicated type. 

A good steam boiler should possess as many of the following qualities 
as possible, but the conditions may necessitate the sacrifice of certain of 
them. 1. 

1. It should always be constructed of the best materials available, and 
the workmanship should lie good. 

2. It should be properly proportioned for the work to be done, and be 
capable of working at its be.st efficiency at the normal load. 

3. The design should involve as few parts and joints as possible, pro- 
vided other conditions are satisfied, and the jjarts should be free to expand 
when the temperature fluctuates; otherwise the boiler will require constant 
attention and repair, and the danger of explosion will be increased. 

4. A constant circulation should be maintained in ail parts so that the 
temijerature may be uniform everywhere. 

5. A large water surface should be provided so that the steam will be 
disengaged without excessive foaming or “priming”. 

6. The capacity of the steam and water spaces should be large enough 
to prevent serious fluctuations of the pressure and the water level. 

7. The grate area and the heating surface should be proportioned to 
the power required, and the heating surface should be so disposed that the 
hot gases impinge upon it and readily give up their heat. 

8. The combustion chamber should be sufficiently ample for the com-, 
plete combu.stion of the gases, and the surface should be arranged so as 
fully to extract the heat, with the exception of what is required to main- 
tain the draught in the chimney. 

9. All internal parts should be readily accessible for in-spection, clean- 
ing, and repair, particularly those parts directly e.xposed to the hot gases. 
External parts should in the same way be open to inspection, and pre- 
cautions should be taken against the accumulation of moisture along the 
e.xternal seams. 

10. When a mud drum is provided it should be placed as far from the 
direct action of the fire as possible. 

11. For safety the gauge glasses and safety valves should be duplicated. 

Develoi’MENT of the Boiler. — In the early days of steam gener- 
ation at the commencement of the eighteenth century the working pres- 
sure of .steam boilers did not exceed 5 lb. per square inch as compared 
with pressures of 300 lb. at the present time, and in 1800 Brindley intro- 
duced a boiler having a thick granite shell traversed by an" internal copper 
smoke , flue James Watt also about the- Same time found a hooped 
wooden shell sufficient for the ' steam pressures then in common use. 
About the year 1785 the wagon type of boiler was very generally em- 
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ployed with satisfactory results, considering the comparatively low pres- 
sures of from 25 to 30 lb. and the flatness of the surfaces. They were 
fired externally on the under side, but the gases were carried back to the 
front through return flues. Frequently the length was 25 ft. and the 
height ^ ft.; but, apart from the inherent weakness of the design, these 
boilers are unsatisfactory from the point of view of economy of fuel. 

With the further rise of steam pressures it was found liecessary about 
the year 1800 to introduce the EGG-ENDED BOILER, which, owing to its 
cylindrical and hemispherical shape, was better suited to resist a high 
internal pressure. They were externally fired, and at the present day 
examples of such boilers may still bfe seen at work, eispecially in colliery 



Arrangement of Elephant Boiler with “ Bouillcurs ’* Boiler with “ Bouilleurs 
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coal. French engineers developed the egg-end form with considerable 
success by adding lower water drums connected to the upper vessel by 
limbs, as shown in fig. 473.. This form is commonly known as the 
French or Elephant type. 

An important advance was made in 1804, when the CORNISH BOILER 
was introduced in the mining districts of Cornwall, from which the name 
was derived. As shown in fig. 474 it consists of a cylindrical outer shell 
with a single internal flue, the front portion of which contains the grate, 
while the rear serves as the combustion chamber. At the present day the 
Lancashire boiler, which has two flues (fig. 475 )> greatly favoured 
for land purposes where rapid steaming is not a first consideration. It 
is simple in construction and reliable in action. 

In the Galloway type of boiler the two furnaces are joined to form a 
common combustion chamber, which is traversed by conical Galloway 
tubes. These tubes help to break the flow of the gases, and bring the 
water into more intimate contact with them. They also assist the cir- 
culation and serve to strengthen the flue, which otherwise would be of too 
■we&v a form to wrtWand the pressure. A. GaWoway boiler i% ft. long and 
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7 ft. in diameter will ' evaporate about 6000 lb. of water per hour, and will 
supply sufficient steam to drive a modem compound engine of 300 i.h.p. 



Fig. 474. — Single-flue Cornish Boiler 


In the case of the boilers illustrated in hgs. 474 and 475 it will be 
seen that the gases pass through the boiler to the back, then externally 



Fifl- 475.— Lancashire Boiler 


along either side to the front, and again to the back, but this time. 

underneath the boiler before they pass away to the chimney. This is 

done to utilize the heat of the gases as completely as possible. 
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When it is desired to. increase the heating surface still further, the 
gases are carried back through the boiler in a large number of smoke 
tubes. In comparison with the space occupied, MULTITUBULAR BOILERS 
of this kind give a large power; but the efficiency can only be maintained 
so long as the tubes remain unobstructed by soot internally and scale 
externally. There is too frequently inadequate provision made for 
thoroughly removing such deposits, and a further difficulty is often 
experienced at the junctions of the tubes and the end plates, which 
are liable to leak when the boiler is subjected to sudden variations of 
temperature. 

Locomotive boilers afford a good example of the power attainable 
when the space is very limited, as it is in locomotive practice of the present 

day. The “ locomotive ” type of boiler con- 
sists of a cylindrical shell, with a firebox at 
one end and a smokebox at the other, con- 
nected by numerous small-diamcter smoke 
tubes. Some of the heat is transmitted 
directly to the water in the spaces around 
the sides and top of the firebox, and the 
remainder is given up in the passage of the 
gases through the smoke tubes which tra- 
verse the water space of the boiler. Further 
reference will be made to this type of steam 
generator when dealing with the locomotive. 

Portable boilers are frequently re- 
quired for small powers where the space is 
very restricted and where the transport 
facilities are limited. They are also used 
for temporary works and as donkey boilers 
on board ships. A vertical multitubular 
boiler, as manufactured by Messrs. Coch- 
rane & Co., of Annan, is illustrated in fig. -476, from which it will be seen 
th|it the crown of the furnace. is formed of a single pressed plate with two 
flanged apertures, one for the exit to .the combustion chamber, and one 
fot the fire-door. The smoke tubes are arranged horizontally between the 
combustion chamber and the smokebox, from which the chimney rises; 
but in some cases the chimney traverses the steam space diagonally, and 
passes through the top of the boiler. It will be evident that the chief 
difficulty in such boilers is to keep the gases sufficiently long in contact 
with the water to fully extract their heat; but a very fair economy is 
obtainable, considering the smallness of the total space occupied and 
th6 power of the boiler. ,• 

For marine purposes the CYLINDRICAL or “ Scotch ” boiler has been 
almost exclusively adopted in the merchant service, but this is not .so in 
the navy, where considerations of rapidity of steaming, and to some extent 
weight, have determined the use of water-tube boilers. The Scotch boiler 
(fig. 477) consists of a cylindrical shell with large flat ends stayed to- 
gether by long tie-rods. The furnaces, varying in number from three to 
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five or more, according to the size of the boiler, pass from the front plate 
to the combustion chamber, which is completely enclosed in the cylindrical 
shell and surrounded by the water. Smoke tubes pass from the combus* 
tion chamber back to the front platie of the boiler and open into the smoke 
uptake which communicates with the funnel. There is generally one 


combustion chahiber for each of 
the furnaces, with water spaces 
between them. In the case of 
large-powered boilers the dia- 
meter of the shell may be from 
14 to 17 it., and when the pres- 
sure js 300 Ib., as is frequently 
the case, the thickness of the 
steel plates required to with- 
stand the pressure is as much 
as in. For manufacturing 
reasons it is unlikely that the 
size of these boilers will be 
much increased in the future. 
Single-ended boilers have fur- 
naces which open from the front 



of the boiler only, but marine 


llalf-cnd Sectional Elevation 


boilers are sometimes double- 
ended and fired both at the front 
and the back. The furnaces then 
open into combustion chambers 
in the middle, and the smoke 
tubes return to the uptakes at 
each end. Owing to the large 
volume of water which these 
boilers carry at one time there 
is great danger of disaster when- 
ever an accident happens, as, for 
example, when the furnace or 
the combustion chamber be- 
comes ruptured. 

Water - tube Boilers. — 
Water-tube boilers are generally 
employed whenever space is 



limited or where ground is 


Side Sectional Elevation 


costly, as in large towns. They Fig. 477. -CylindricaI or “Scotch” Boiler 

are also extensively adopted 

where rapid steam-raising is important, as, for example, in war vessels, or 
where a large power is required and space and weight must be economized. 
In the water-tube boiler the number of parts is greatly increased, but none 
is of a latge diameter or weight, and the quantity of water carried at any 
instant is little in excess of what is actually being evaporated to supply 
the demand for steam. Apart from the questions of space and of the 
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rapidity with which steam can be raised without straining the boiler, there 
are other important features which can only be briefly referred to here. 

As the diameter of the largest steam drum of a water-tube boiler 
rarely exceeds 4 ft., it is possible to make the plates of well-rolled and 
homogeneous materials, and the danger of serious fracture of any part 
is small, and by reason of the small quantity of water contained in the 
boiler an explosion cannot be so disastrous as in the case of boilers 
having large water spaces. If the fracture should take place in one of the 
small-diameter water tubes the result would be even less serious, as the 
quantity of water that could escape through the small tube bore is 
necessarily limited. 

Circulation and Uniformity of Temtickaturk and Rapiditv 
OF Steaming. — Owing to the rapid and the definite nature of the 
circulation in water-tube boilers, the temperatures of the parts do not 
vary much, and there is less danger of unequal expansion and strain- 
ing. As a result steam can be raised more quickly without fear of 
damage, and the evil effects of fluctuations of tem|xjrature arc not so 
serious. Owing, also, to the thinness of the plates and tubes, the boiler 
responds readily to an increase of the furnace temperature, which makes 
it particularly suitable for certain services, as, for example, lighting-station 
work, where the load may be suddenly doubled, as a result of fog or other 
change in the weather. 

To William Blakey, a contemporary of Watt, is credited the first 
water-tube boiler, introduced by him in 1766. It consisted of several 
tubes inclined in opposite directions over the furnace, and connected at 
their ends by cross tubes. Since the introduction of Blakey’s boiler, 
which gave no results of practical importance, tubes of endless variety 
have been tried with more or less success. Some designers prefer 
numerous small-diameter wajter tubes, while others advocate fewer tubes of 
a larger 'diameter. ^ Straight tubes, bent tubes, and coils are also made the 
features of particular boilers which arc claimed by the individual makers 
to meet satisfactorily most conditions of service. 

The Babcock and Wilcox boiler, now being extensively used for 
marine purposes as well as on land, is a development of the boilers 
built in 1856 by Stephen Wilcox. It consists essentially of vertical rows 
of inclined tubes, staggered in such a way that the gases, in their passage 
th#igh the rows, are compelled to take a zigzag course and to impinge 
upon each of the tubes. Each row is connected with the steam drum, 
lying horizontally above the boiler, by means of special headers or boxes. 
This arrangement of inclined tubes, steam and water drum, together with 
the headers and their connections, is clearly shown in the Plate, which 
also shows the arrangement of the grate and the brickwork. The 
boiler is suspended from wrought-iron girders resting upon iron columns, 
and is entirely independent of the brickwork, which is therefore free 
to contract or expand without constraining the boiler itself. This 
arrangement is also convenient when repair of the brickwork is neces- 
sary. Diaphragms of refractory brick are placed, as shown in the 
illustration, around the tubes, to prevent the escape of the gases 
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directly to the chimney and to prolong their path in contact with the 
tubes. In the example given the fire is automatically stoked, and the 
fuel is carried slowly from the front to the back upon the slowly moving 
grate bars, which form a continuous belt driven automatically by the front 
drum. For cleaning and repairing, the whole grate can be drawn forward 
on rails provided for the purpose. 

In the Stirling boiler, fig. 478, no headers are used, and the number 
of small parts and joints likely to give trouble has been reduced as far 

as possible. It consists of 
groups or “ banks ” of long 
and steeply inclined tubes 
connecting three upper 
steam drums with com- 
mon lower or mud drums. 
Suitably disposed baffle 
plates constrain the gases 
from the furnace to pass 
along the banks of tubes. 
Short tubes connect the 
steam spaces of the 
three upper drums to en- 
sure equality of pressure 
throughout, and the water 
spaces of the front and the 
middle drums are also con- 
nected. As in the previous 
boiler described, the entire 
weight of the boiler and its 
’Contents is carried upon a 
steel framework indepen- 
dent of the brickwork 
setting. 

For warship purposes 
numerous other types have 
Fig. 479.— Belleville Water-tube Boiler been Specially designed to 

meet the unusual condi- 
tions which exist on such ships. Of these types the most extensively 
adopted in the navies of the world is the BELLEVILLE WATER-TUBE 
BOILER, illustrated in fig. 479. It consists of a series of tubular elements, 
arranged side by side, each of which comprises two vertical rows of tubes, 
inclined in opposite directions at a slight angle of 3 degrees, and con- 
nected together by means of coupling boxes so as to form a continuous 
passage for the water from the common feed collector at the bottom of 
the front end to the steam drum at the top. Above the main boiler and 
the combustion chamber is arranged a similar but smaller series of tubes 
known as the economizer. The feed water from the pumps passes through 
an automatic feed regulator at the front of the boiler into the distributing 
box at the bottom of the economizer, through the tubes of which it ri.ses 
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to the exit at the top. From the economizer the heated feed water passes 
through a non-return valve to the steam drum, and then dcwn to the feed 
collector, from whence it passes into the elements of the boiler proper. 

The Niclausse boiler consists of tube elements placed with a slight 
inclination over the fire grate, but it differs from other types in having 
the tubes of a duplex type connected, at the forward end only, to headers 
divided into two portions by diaphragms. Each of the outer tubes is 
sealed at the back end, and encloses an inner tube which opens into 
the front section of the header, while the outer tube is in communication 
with the other portion. Above the boiler is placed the water drum, with 
an upper steam dome from which the steam is drawn off. 

A somewhat similar boiler of German origin is the DURR BOILER, 
which has concentric or duplex 
tubes and a superheater placed in 
this case at the top of the boiler 
in direct communication with the 
steam space of the drum. In the 
French navy the Lagrafel 
D*Allest type has been exten- 
sively adopted. In some respects 
it resembles those already de- 
scribed, but it has flat water spaces 
at the front and back, into which 
the inclined water tubes are con- 
nected, and the water drum is 
larger. A characteristic feature is 
the arrangement of the boilers in 
pairs with the combustion cham- 
bers between them at the sides of 
the tubes. 

TIIORNYCROFT - Schultz Fig. 480.— Yarrow Water<tube Boiler 

BOILERS are characterized by the 

arrangement of their numerous small-diameter tubes, the greater propor- 
tion of which discharge into the steam drum at a higher level than that 
of the water. It is claimed that with this arrangement and the use of 
baffle plates there is greater freedom from priming, and that the steam 
obtained is drier. In the Normand BOILER, small-diameter bent tubes 
are also used, but they enter the steam drum below the water level. This 
is also the case in the Reed BOILER, used extensively in the British navy, 
but the tubes are bent more, to facilitate the disengagement of the steam 
bubbles from the heating surface. Four large external headers connect 
the lower drums with the water space of the upper, and at the same time 
serve as part of the framework. 

Bent tubes form a very flexible arrangement, the joints of which are 
not readily strained by unequal expansion. They also facilitate the dis- 
engagement of the steam and promote the circulation. On the other 
hand, they are difficult to clean internally and externally, and the removal 
or replacement of a tube is not easy. These objections do not hold in 
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the case of the straight-tube types, one of which, the Yarrow boilkr, 
is illustrated in fig. 480. It consists of an upper drum, into which the 
two sets of straight tubes are expanded under the water level. In -the 
White-Forster boiler the tubes are slightly curved to determine the 
direction in which they will bend when expansion takes place. 

Water-tube or Express boilers do not contain a large quantity of water 
beyond what is required for the momentary production of the steam. 
There is, however, another class which practically contains no store of water. 
Th^ are known as flash boilers, and are commonly used in steam 
^otor cars on account of their safety under any pressure and by reason 
of the power obtainable from a comparatively small weight of boiler. 
Generally they consist of a .continuous coiled tube having walls of great 
Sickness in proportion to the water space. By means of a powerful 
burner the walls are maintained at a high temperature, and the .water, 
as soon as it enters, flashes into steam. When dealing with the subject 
of the motor car, these boilers, with their automatic controlling arrange- 
ments, will be described in more detail. 


CHAPTER IV 
STEAM ENGINES 

Horse-power. — Some reference has already been made to the thermal 
and elastic properties of steam when dealing with the subject of steam 
generation, and it now only remains, before describing the various types 
of engines, to explain in a general way the action of the steam in the 
cylinder or expansion chamber of an engine.' 

When steam acts upon a loaded piston a certain quantity of mechanical 
work is developed at the expense of the heat energy of the steam in 
moving the piston. If, for e.\ample, the volume of the cylinder be V, 
and the steam pressure required to overcome the load on the piston be 
P, then the energy expended will be the change of volume multiplied 
by the pressure, which is supposed to be kept constant by the continuous 
admission of steam. If, then, W represents the work done per stroke, 
W as V P, but the volume is the area A multiplied by the length of the 
pLston stroke L, so that W = P L A. This, then, represents the energy 
expended during one stroke of the piston, and it will be seen that the 
element of time does not enter into the equation. For the practical 
comparison of different engines it is necessary to know the rate at which 
the work is developed, and to express this rate the term "power” is 
generally used. One minute is the unit of time adopted, and therefore, 
in the above example, if the piston makes N working strokes per minute, 
the power ss p L A N. In the early days of the steam engine it was 
spon found desirable to have some standard power for purposes of com- 
parison, and the most natural, although indefinite, standard appeared to 
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be the horse, which was being displaced by the engine. James Watt 
followed Savery in the use of the horse as a standard, and made numerous 
tests to determine the average power of a horse. As a result of his tests 
the horse-power, or H.P., is considered as being equivalent to the develop- 
ment of 33,000 ft. lb. of work per minute, but this is really 30 per cent 
in excess of the actual average amount determined by him. By dividing 
the power of the engine by the standard power of the horse the horse- 

P L A N 

power of the engine is then obtained, thus: H.P/= 33 ' obo ' ‘ 

Expansive Working. — Advants^e is taken, of the elastic energy of 
steam by cutting off the supply to the cylinder after a certain interval, so 
that the remainder of the stroke takes plage under the action of the ex- 
panding steam. In this way a larger proportion of the eneigfy is sitetracted 
as the steam is exhausted at a lower temperature. It should be noted, 
however, that although there is greater economy the power obtained from 
the engine is less, since the average pressure is now smaller than the initial 
pressure which before was supposed to act throughout the stroke. Great 
flexibility of power results from this system of expansive working, because 
the power of the engine may be largely increased when desired by cutting 
off the steam at a later period of the stroke. 

Types of Steam Engines. — In practice the design of an engine is 
determined by the conditions under which it will be required to work. 
For pumping plants where a slow speed is desirable a long-stroke slow- 
revolution engine is preferred, whereas for the direct driving of dynamos, 
and in situations where space is limited, quick-revolution or, as they are 
frequently called, high-speed engines are generally employed. Economy 
of consumption, as well as economy of material and simplicity of con- 
struction, are also factors of great importance. 

PLAN 

Referring again to the equation of the horse-power, H.P. =• — in 

which N is the number of working strokes per minute, it will be seen that 
since in the single-acting engine there is only one working stroke per revo- 
lution, while in the double-acting engine there are two, the power of the 
latter will be approximately doubled without correspondingly increasing 
the weight of the engine. As a first general classification, therefore, 
steam engines may be considered as being either single or double acting, 
but the great majority are now of the latter type. 

By altering the value of the steam pressure P, the power may be varied 
in proportion, and some gain may be obtained without an increase of the 
initial pressure by reducing the back pressure on the piston. Under the 
simplest conditions, when no condenser is fitted, the back of the piston is 
subjected to the pressure of the atmosphere, and the working pressure is 
therefore less by that amount. By the addition of a condenser, into which 
the steam is exhausted and liquefied, the pressure behind the working face 
of the piston may be reduced to within a few pounds of a complete vacuum 
and the effective working pressure increased by about 12 lb. 

A large supply of cold condensing water is required, and pumps are 
necessary for its circulation and for the extraction of the condensed steam 

VOL. VI. 106 
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and vapour. It may happen, especially where suitable water is scarce or 
costly, that the gain in economy is largely counterbalanced by the extra 
costs of working the auxiliary plant, and in many land installations con- 
densers are accordingly dispensed with. The power of an engine may be 
increased indefinitely within practical limits by increasing the value of N. 
the working strokes per minute, and this is the system that is generally 
followed. In the same way the size of the engine for a given power may 
be decreased by increasing the speed of revolution, and the decrease in 
weight does not vary merely in a simple ratio, as the forces to be carried 
by the parts are smaller. 

Steam engines may be single-acting or noUHLE-ACTiNG, ('ondkns- 
ING or NON-CONDENSING, or they may be of a QUICK-REVOLUTION or a 
SLOW-REVOLUTION type. In the description of the various constructions 
which follows, the last classification has been adopted, as an engine incty 
be run either with or without a condenser as desired, whereas the quick 
or slow speed of rotation determines the whole design. Very frequently 
the term high-speed is used instead of quick-revolution; but this term 
may lead to confusion when considering the question of piston speed, 
sinpe two engines having very different speeds of rotation may be designed 
to run at the same piston speed by making the .stroke of the slow engine 
long and that of the quick-speed engine correspondingly short 

So far no account has been taken of the thermal condition;, which play 
an important part in the design from the point of view of economy of 
steam. When steam expands in the cylinder of an engine its temperature 
falls, and when the range between the initial and final temperatures is great 
a considerable amount of condensation takes place at an early stage of the 
expansion and the efficiency is thereby affected. This appears to be largely 
due to the fact that the entering steam becomes chilled by contact with 
the cylinder walls, which have been previously reduced to more nearly the 
temperature of the exhaust. If the difference is considerable, condensation 
very readily takes place, and it is found that the presence of a very small 
quantity of water has a serious effect in producing further condensation. 
The question is, however, a complex one, and many of the phenomena of 
condensation are not yet fully understood. To limit the size and to 
reduce early condensation losses, the expansion of the steam is carried out 
in two or more con.secutive cylinders, in each of which the range of 
pressure and therefore the range of temperature is less. Engines are 
said to be of a SINGLE, COMPOUND, TRIPLE, or QUADRUPLE EXPANSION 
type, according as the steam is expanded in one, two, three, or four 
sts^s. It should be noted that there are generally more cylinders than 
stages of expansion, as two low-pressure cylinders of moderate diameter 
are often preferred to one of large diameter. 

Early Steam Engines. — To the Marquis of Worcester is generally 
credited the idea of utilizing in a practical way the expansive force of 
steam ; but there is no trace of his work beyond the description which he 
published in 1655 as the sixty-eighth invention in his book entitled "The 
Names and Scantlings of such Inventions as at present I can call to mind 
to have tried and perfected”. Earlier attempts to utilize the enetgy of 
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steam were based upon the reactive forces of jets, and the first recorded 
example of a machine for utilizing steam is the Eolipilfe, devised by Hero 
of Alexandria about 130 years before the advent of Christ 

In 1628 Giovanni Branca published an account of an eolipile which 
was actually applied to a useful purpose. These examples are particularly 
intcrc.sting in their bearing upon the present-day development of the steam 
turbine, in certain tyjxjs of which the primitive idea of the eolipile is 
involved. Captain Savery obtained in 1698 a patent for an engine which 
differed but little in principle from the engine of the Marquis of Wor- 
cester. It compri.sed a cylinder into which the steam was allowed to 
enter, and thus to force out the water sucked into it by the condensation 
of the previous charge of steam. Many of these engines, improved in 
details, were erected by. Savery in different parts of the country for 
pumping water, and at the present day pulsometer pumps based on the 
.same principle are extensively u.sed for similar purposes. Newcomen 
further improved the steam engine by introducing a piston which was 
driven down by the pre.ssure of the atmosphere when a vacuum was 
created on the other side by the condensation of the steam in the cylinder. 

James Watt. — In all these early engines the condensation of the 
steam took place in the cylinder itself, and it was not realized what an 
amount of steam was wastefully consumed in 'consequence until James 
Watt investigated the subject. He found, as a result of experiments with 
a small working model of a steam engine which belonged to the University 
of Glasgow, by whom he was engaged as a mechanic, that 75 per cent of 
the steam was expended in heating the walls of the cylinder at each stroke. 
By substituting a cylinder of wood, and later of metal lagged with non- 
conducting materials, and by curtailing the quantity of water injected, he 
was able to reduce the loss to 50 per cent; but these results were quickly 
surpassed by the invention of the separate condenser, by means of which 
an almost complete vacuum was obtained without reducing the temperature 
of the cylinder walls much below that of the working steam. It is well 
realized at the pre.sent day how much the progress of the world has been 
determined by the improvements effected by James Watt in the economy 
of the steam engine. 

Rotary Engines. — Numerous attempts have been made to devise an 
engine which would produce direct rotational motion, and thus dispense 
with all the gear required for the conversion of the reciprocating motion 
of the usual type of steam engine; but no successful results have been 
obtained, notwithstanding the attention and labour that have been ex- 
pended on the problem. This is chiefly owing to the difficulty of prevent- 
ing the leakage of steam past the line contacts, which is almost inherent 
in engines of such a type. It is true that the steam turbines of the present 
day produce direct rotary motion, but it will be seen later that in principle 
the two ty|)es arc actually very different. 

ReciI'KOCATING Engines. — A steam engine consists essentially of a 
working cylinder and piston, with the gear necessary for the transmission 
of the motion to the shaft ; an automatically operated valve for distributing 
the steam; and a governor for controlling the speed within the desired 
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limits. In addition, the engine may be fitted with a condenser, in which 
case certain auxiliary pumps are required. Compound and multiple-ex- 
pansion engines may be considered as a combination of two or more 
engines; but certain portions, as, for example, the condensing i)lant, may 
be common to all. From the illustration (fig. 481), which indicates in 
sectional jdan the relative positions of the various parts of a simple 
horizontal engine, it will be seen that the distribution valve is placed at 
the side of the cylinder and is operated by an eccentric on the crank shaft. 
.The valve is of the common slide or D t\'pe, a development of the long 
D valve introduced in the earlj- engines of the time of Watt. As the valve 
moves over the steam ports it alternately places each side of the piston in 
communication, first, with the steam supply, and then with the exhaust or 



the condenser; and it also controls the times and amounts of the steam ad- 
mission, cut-off. exhaust, and compression. Thus the steam is admitted to 
the cylinder before the piston has reached quite the end of the stroke, in 
order to effect without shock the change in the direction of the recipro 
cating motion of the piston; the steam admission is cut off before the 
middle of the stroke, in order to utilize its expansive force; the exhaust 
passage is opened at the end of the stroke and closed just before the com- 
pletion of the return stroke, so as to cushion the piston and again gently 
change its direction of motion. These and other minor effects are obtained 
by setting the eccentric which works tlie slide valve in advance of the 
crank by an angle which slightly exceeds 90 degrees. The governor 
is generally of a centrifugal type driven from the crank shaft and arranged 
to control a throttle valve placed in the steam-admission pipe; but a fly- 
wheel increases the regularity of the rotation, and is an essential feature 
when the load fluctuates considerably. Precautions must be taken to 
prevent the loss of heat through the cylinder walls, which must either be 
lagged with non-conducting materials or jacketed with live steam, in 
which case the jackets must be efliciently drained, as otherwise the 
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accumulation of water in them may result in more loss than gain 
through condensation in the cylinder. 

Valvks. — O ne disadvantage of the simple slide valve lies in the close 
conta<:t of the high-temperature admission steam with the low-temperature 



Cross Section Scctiuiiai Klevatioii 

Eig. 483.— Cylinder of Steam Engine, showing arrangement of Corliss \'alves 


exhaust. It will be seen that the same passages serve alternately for the 
admission and the exhaust, and that serious condensation is likely to 
occur in consequence. When economy is of more importance than great 
simplicity, separate valves are provided for the admission and the ex- 
haust, as shown in fig. 482, which is an illustration of a Corliss engine 
in side and end section. Admission valves .\A of a “rocking” Wpe 
enclosed in the cylinder 
ends i<’ K are placed at 
each end of the upper side 
of the cylinder, which is 
generally arranged hori- 
zontally, and exhaust 
valves u B of the same 
kind are placed at the 
bottom ends, where any 
steam condensed in the 
passages readily drains 
away. Each valve is 
separately connected to a 
“wrist” plate, shown in the 
cross section, which opens and closes them in the required order. Usually 
the exhaust valves are connected directly to the wrist plate, but a “trip* 
gear is inserted in the connections to each of the admission valves, as 
improved economy is obtained by closing the valves very sharply instead' 
of gradually. As the name implies, the trip gear is caught at a certain 
point and caused to release the arms of the admission valves, which 
then close sharply under the action of strong springs. A side view of 
the Corliss gear is shown in fig. 483. DD are spring blades which. 



Fig. 483.— Side View of Inglif & Spencer’s Corliss Gear 
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when forced apart by the trip-gear arms E, disengage the valve levers 
and allow the valves to be sharply closed under the action of the 
springs in the boxes c c. Owing to the difficulty of efficiently lubri- 
cating the working surfaces of the Corliss rocking valve, and to the 



Fig. 484.-~Ha1f*r.ectiona1 F.levation of a Siilzcr Engine Cylinder, diowing the arrangement of the doiihlc-beat valves 


wide range of spring adjustment required when the steam pressure is 
high, valves of the Cornish or double-beat type are now most frequently 
adopted. Valves of this description as u.sed in the tandem-compound 
engines made by Sulzer Bros., of Switzerland, arc illustrated in the Plate 
and in fig. 484. The transverse section illustrated in the Plate is a .section 
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through the cyHnder and one pair of valves, and shows, the* detailsr of 
the trip gear, driven in this case from eccentrics carried upon.- a valve 
shaft, at one side of the engine. In fig. 484 part of the cylinder i(as ‘Been 
cut away to expose the valves at one end; but the illustratipn alscr clearly 
shows the steam ports, passages, and jacket arrangements. The- side 
elevation illustrated in the Plate is an external' view of the engine coupled 
to a large alternator, the condenser being shown- in the pit underneath. 
At high speeds there is considerable shock each time valves of this type 
close, especially when the adjustment is not good.. This objection-. $^s 
not hold in the case of piston valves, which are now frequently adopted^- 
in high-speed engines, but trouble may be experienced through unequal 
expansion of the valve and the liner when superheated steam is used. 

Valve Gears. — Mention has already been made of the trip gears 
used in engines fitted with separate admission and exhaust . valves, and 
it only remains to describe briefly the essential features of the various 



gears used in conjunction with slide valves. Of these the most frequently 
used, and from many points of view the most satisfactory, arrangement 
is the .so-called Stephenson link gear, fig. 485, which was really 
invented by an engineer, Howe, in the employment of Stephenson. Two 
purposes are served by the Stephenson and other gears. They not only 
time the distribution of the steam, but they also enable the motion to be 
reversed by raising or lowering the link E by means of the lever D until 
one or other of the eccentric rods is in the full controlling po.sition in 
line with the valve spindle, in which case the only effect of the other 
eccentric is to swing the link idly about its opposite end without affect- 
ing the motion of the valve. When the link is in its mid position the 
opix)site motions of the eccentrics A and B counteract one another and 
the valve remains stationary. By placing the gear in mid position it is 
thus possible to stop the engine without actually cutting off the steam 
supply. Since the valve has its full travel when the link is at either 
end, forwards or backwards as the case nriay be, and has no travel 
in the mid position of the link, it will be evident that for intermediate 
positions the valve will have a corresponding travel, and that the steam 
supply will be cut off at an earlier or later period of the stroke. An 
alteration of the point of cut-6ff in this and other similar gears ‘means 
a corresponding alteration of the period of release, and it is difficult 
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for this reason to satisfactorily cut off at a point earlier than one- 
third of the stroke. Radial gears, of which the Joy, Hackworth, and 
Marshall arrangements are typical examples, require one eccentric only, 
and a curved, adjustable guide is substituted for the slotted link. In the 
Joy gear, fig. 486, there is no separate eccentric required, as the elliptic 
motion of a point on the connecting rod AB is made to serve the 
same purpose. From the illustration it will be seen that the motion of 
the valve rod connected at H to the combining lever H G D is a resultant 
of the motion of the point 'C, which approximately synchronizes with 
that of the piston, and of the motion of the point E which swings 
about the fixed point F, together with a small displacement due to the 
movement of the pivot G in the curved guide, which serves for the 
reversal of the gear and for the alteration of the point of cut-off. Better 
results are obtainable with gears of this kind than with the Stephenson 
link motion, especially when the cut-off takes place early. 



Fig. 486.— Joy's Valve Gear ’ 


Condensers. — Two types of condensers are customarily used in con- 
junction with engines of larger powers when steam economy is of first 
importance, and when suitable water is obtainable at a reasonable cost. 
When the water is pure it may be brought into direct contact with the 
exhaust steam to be condensed, but when the water is impure, and when 
the condensed steam is used for feeding the boiler again, they must not be 
allowed to come into direct contact, as the presence in the boiler of water 
which may contain acids or grease is very objectionable. In the former 
case a jet condenser of the type shown diagrammatically in fig. 487 is 
used. The exhaust steam enters at the top of the condenser chamber, 
and is liquefied in contact with the cooling, water which is injected through 
the slotted pipe shown. Underneath the conden.ser chamber is arranged an 
air pump, which extracts the c6nden.sed steam, water vapour, and cooling 
water, together with any air that may have leaked into the low-pressure 
.system, and forces them into the hot well at the bottom, from which the 
boiler is fed. In this way the air pump maintains a high vacuum and 
reduces the back pressure on the piston. SURFACE condensers depend 
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upon the cooling action of metal surfaces maintained at a low temperature 
by the circulation of cold water which never comes into direct contact with 



Side Sectional Elevation Crc»% Section 

Eiii. 487.— Jet Condenser and Pump 

the steam. A separate surface condenser of the Wheeler type is illustrated 
in .fig. 488, which shows the condenser in section carried over the pumps. 
At the right-hand side will be seen the water pump for circulating the 



Fig. 488.— Wheeler Surface Condenser 

cooling water, first through thp lower group of tubes, then through the 
upper, and away through the water outlet to the coolers, from which it 
is returned to the circulating pump when the supply is limited. Exhaust 
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steam from the engines is admitted at the top, and is condensed in contact 
with the cold surface. At the lower left-hand side is shown in partial 
section the air pump which maintains the vacuu'n, and between them 
will be seen the small engine coupled directly to both pumps. 

Multiple-expansion Engines. — By dividing the total range of 
expansion over two or more cylinders the condensation losses are reduced 
and the economy is improved, but there are other advantages of con- 
siderable importance. When the engine is large it is convenient to divide 
the power over several cranks, as the weights of the moving parts are 
reduced and a more uniform turning effort is obtained; thus, in the 



Fig. 489. — liruihcrhood Threc-cylinder Engine (cross section J 


case of compound engines,' the exhaust from the high-pressure cylinder 
may be expanded in two low-pressure cylinders of more moderate dia- 
meters, the three cranks being set at 120 degrees apart. Expansion of 
the steam can then be carried further, since the total low-pressure capa- 
city may be increased. When the steam pressure is great it is necessary 
to adopt triple- or even quadruple-expansion engines in order to avoid 
an excessive range of expansion in any one stage. 

Quick-revolution or High-speed Engines.— At an early stage 
in the development of the electrical industry it was found desirable to 
have an engine capable of running at the high speeds required, and the 
quick -revolution type of engine now so commonly used was gradually 
evolved to meet the new conditions. Apart from the question of speed of 
rotation, the small size and the lightness of the moving parts are features 
which make such engines a necessity for many purposes besides the run- 
ning of dynamos. 
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Fig. 490.— Two-cnink Triple-expansion Willans & Robinson Central-valve Engine (sectional elevation) 


In 1873 Mr. Brotherhood introduced what may be considered as the 
first of the quick-revolution class of engines shown in the cross sectional 
elevation (fig. 489). There are in this engine three pistons arranged 
at 120 degrees apart and coupled to one crank. At the sides of the 
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cylinders are placed piston valves, which are driven from a common 
eccentric and control the admission of steam only. Exhaust takes place 
through ports in the cylinder walls, which are uncovered at the end of 
the piston outward stroke, but a supplementary exhaust port — ^which 
remains open for a portion of the return stroke — is provided in the 
oscillating spherical portion of the bucket piston. It will be seen that 
although the engine is single-acting, the three cylinders ensure sufficient 
regularity of the rotation. For many years it was considered iinpossible 
to use double-acting engines for high-speed work, owing to the severity 
of the shocks at each reversal of the reciprocating motion — that is, at 
the end of each stroke. Whereas, in the single-acting engine, instead of 



Fig. 491.— 'Willans Compound Three-crank Engine with Direct-coupled Continuous-current Generator 

The Willans and Robinson Central-valve Engine.— Until 
recently this single-acting engine was greatly favoured for the direct 
driving of generators, on account of the quietness and uniformity of the 
motion and of the economical results obtained, but it is now rarely 
installed, for reasons which will be explained lateL The engines were 
made either simple, compound, or triple, and with one, two, three, or 
more cranks, according to the power and the uniformity of drive required. 
In the simple engine one cylinder was arranged over each crank, and in 
the compound engine a high-pressure cylinder was placed in tandem over 
each low-pressure one. Thus an engine of large power having several 
cranks might be considered as consisting' of a corresponding number of 
distinct tandem engines combined in one frame. To prevent any possible 
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reversal of the thrust on the crank pin an air buffer was provided in 
line with each set of steam cylinders, as shown in fig. 490. It should 
be noted that the work expended in compressing the air is given out 
again on the next stroke, so that there is practically no loss of power. 
Probably the most characteristic feature is the central arrangement of 
the valves in the hollow piston rod, which is pierced with suitable steam 
ports, and is common to each line of cylinders. A general view of a 
Willans compound three-crank engine, coupled direct to a continuous- 


current generator, is 
shown in fig. 491. 

TiieBkllissand 
Mokcom Double- 
acting,Selk-luuri- 
CATIN(; Kngine. — 
Until the introduc- 
tion by I^elliss and 
Morcom of the system 
of forced lubrication, 
the double-acting en- 
gine could not com- 
pete at high speeds 
with the single-acting 
type, so far as silent 
running was con- 
cerned, owing to 
the severe knocking 
which takes place 
in the former case 
each time the driv- 
ing force changes 
from push to pull. 
If, for example, the 
big end of the con- 



necting rod coupled Ij'ig, 492.-1110 BelHss & Morcom Double-acting Engine (front section) 


to the crank pin be 


considered, it will be seen that the top and bottom halves of the bush 


alternately transmit the driving force, and that while the one half is in 


close contact with the crank pin, the other half is not necessarily so, but 
may be separated by a space the thickness of which depends upon the 
running conditions. To obviate the destructive knocking and wear which 
results from these conditions, Messrs. Beiliss and Morcom provide a special 
valveless pump, which forces oil at a pressure of from 10 to 20 lbs. into 
the working parts, which are thus prevented by the cushion of oil under 
pressure from coming into actual contact. 

A section of the engine is given in fig. 492, from which it will be seen 
that the cylinders are arranged side by side, and that the exhaust steam 
from the high-pressure engine passes directly to the low-pressure cylinder, 
the cranks being set 180 degrees apart. One common piston valve serves 
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for both cylindersi and the number of working parts is thus considerably 
reduced. 


CHAPTER V 

STEAM TURBINES 

Development ok Steam Turbines.— So far as the principles of 
reaction and impulse, upon which the motion of the steam turbine depends, 
are concerned, the earliest recorded examples are the Reaction Wheel 
invented by Hero of Alexandria 130 years before the Christian era and 
the Impulse Wheel of Giovanni Branca, which dates from 1628. The 
practical introduction of the steam turbine may be considered as dating 
from 1884, when the Hon. C. A. Parsons, to whom the later development 
of the system is largely due, obtained his first patent for an impulse- 
reaction turbine. In 1888 Dr. G. de Laval devised a single-wheel impulse 
arrangement which has been extensively applied with great success, and in 
America the development of the multicellular type is due to Mr. Curtis, 
whose original patent is dated 1896. There arc now other successful 
makes of turbines, such as the Rateau and Zoelly, differing from the 
Laval or Curtis impulse types more in arrangement and detail than in 
principle. But the Parsons turbine is the only important example of the 
mixed or impulse-reaction type. 

Steam Turbine v. Reciprocating Engine.— From the point of 
view of steam economy, the steam turbine cannot at the present time be 
said to greatly surpass the best reciprocating engines, especially for com- 
paratively low powers, and the great development that has taken place is 
due more to several indirect advantages which determine the economy of 
the plant as a whole. In the first place, owing to the relatively high 
speed, the size of the turbine and the weight of its foundations in the case 
of a land station are small in. comparison with an equivalent reciprocating 
plant, and the capital cost of the power house is accordingly much less, 
as will be evident from fig. 493, which shows the comparative sizes of a 
turbine and a reciprocating engine plant of equal power. 

Less oil is consumed, and the engine-room staff is generally smaller. 
These advantages represent a large saving in the capital cost of a new 
installation and some reduction of the working expenses, apart from any 
actual economy of steam which may result from the superior thermal 
conditions of working. In the reciprocating engine the live high-tem- 
perature steam enters a cylinder which immediately before has contained 
steam at the lower temperature of the exhaust, and which may still con- 
tain some moisture; whereas in the steam turbine the temperature falls 
uniformly from the high-pressure end to the low, and the steam is never 
subjected to a sudden change of temperature. It is also possible to carry 
the expansion to a further degree in the turbine, because the diameters of 
the low-pressure cylinders of reciprocating engines are limited by practical 
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considerations. This important feature has recently led to the intrckluction 
of turbines as auxiliaries to reciprocating engines, the exhaust from which 
is led through heat accumulators to the turbines, where it is expanded 
more completely before being rejected to the condensers. At sea the 
results obtained from turbine installations have not in all cases proved 
entirely satisfactory. To a large extent the trouble arises from the high 
speed of rotation, which depends upon the velocity of the steam, and from 



Fig. 493.— Comparative Sizes of a Turbine and a Reciprocating Engine Plant of Equal Powers 

lack of knowledge as to the best size and form of propeller to suit the 
conditions of running. Propellers for turbine-driven boats are at present 
determined as much by trial-and-error methods as by design. To reduce 
the speed of rotation without affecting the peripheral speed, which for 
maximum economy must be approximately half the speed of the steam 
at the particular stage, the number of expansion stages and the diameter 
of the turbine rotor are increased as far as the questions of weight and 
size permit, and in many marine installations there is at the present time 
very little saving in these respects. 
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Principle of the Steam Turbine.— As in the case of the water 
turbine, the energy of motion of the working substance is abstracted in the 
passages of the moving wheel, which is thus caused to rotate; but since the 
physical properties of water and steam are very different there is but little 
further resemblance between the two systems. Water is practically an 
incompressible fluid of considerable density, whereas steam is an elastic 
gas which expands indefinitely as the pressure diminishes, and which falls 
in temperature when work is developed in the operation. 

If steam be expanded in a conical nozzle of the section shown in fig. 
494, its pressure falls while the velocity increases; but although the total 
thermal energy remains unaltered, provided no work is done, a change 
takes place in the character of the energy, which becomes more kinetic. 

In the DE Laval turbine the steam is expanded, in one or more 
conical nozzles down to the pressure of the exhaust, and all its available 



energy becomes kinetic during the one stage. ’ The expanded high-velo- 
city steam then impinges upon buckets or vanes on the periphery of the 
rotor, and in its passage through them the direction of the motion of the 
steam is altered and thus its energy of motion is communicated directly 
to the wheel. For maximum efficiency it is necessary that the speed 
of the buckets should be about half- the speed of the steam ; but in 
practice, owing to the great velocity of high-pressure steam when ex- 
panded down to a pressure of 2 to 3 lb., a smaller and safer speed than 
half is generally adopted. Thus, if the initial pressure be 100 lb., the 
velocity of the steam, when expanded in a nozzle down to a good vacuum, 
would be over 4000 ft. per second, and the wheel buckets should for maxi- 
mum efficiency have a velocity of 2000 ft. per second, but an actual velocity 
of 1200 ft. per second is rarely exceeded. 

One of the essential features of such 'Single-stage wheels is the long 
flexible shaft, which yields sufficiently to allow the quickly revolving wheel 
to rotate about its true dynamical axis, which, on account of small defects 
of balance, may not coincide with the mechanical axis. 

Fiff* 495 shows the general arrangement of a 225-h.p. Laval turbine 
in which the high speed of rotation is reduced by means of helical gears, 
the gear box being shown between the turbine on the right and the twin 
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dynamo on the left. For most purposes some such gearing is necessary, as 
questions of safety impose a limit upon the diameter of the turbine wheel 
itself. 

Turbines of the Laval type belong to the impulse or action class, 
and are distinguished by the fact that the steam does not expand during 



Fig. 495.— <t35-h.p. T.ava 1 Steam Turbine and Twin Dynamo 


its course through the wheel passages, the sectional areas of which are 
constant. As a result there is no difference of pressure across the wheel, 
and therefore the working clearances may be made large, since there is no 
tendency to steam leakage. The one great objection to the single-wheel 
system is the unavoidable quick si)eed of rotation. 

The IMPULSE-REACTION OR MIXED TURBINE, to which the Parsoiis 
type belongs, makes use of the principles of both reaction and impulse, 
as the name implies. In sucH cases 
the expansion is divided into a 
number of stages, over each of which 
there is a certain fall of pressure. 

Hy dividing up the expansion in this 
way the peripheral speed is corre- 
spcuidingly reduced, and when the 
stages are increased in number to 
fift\% as in the Parsons turbine, the 
speed of rotation is reduced suf- 
ficiently for most practical purposes 
without unduly increasing the dia- 
meter of the rotor. 

Each stage comprises two rings of vanes or buckets — one set fixed to 
the turbine casing, and the other to a common wheel or rotor. If these 
sets of vanes could be partially exposed, the appearance presented would 
be as shown in fig. 496. 

VOL. VI. 
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Fig. 496. — Arrangement of Turbine Fixed and 
Moving Vanes 
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Horizontal arrows mark the direction of rotation^ and the small vertical 
ones JJ indicate the flow of the steam, which actually takes a somewhat 
spiral course from one end of the rotor to the other. Steam enters the first 
ring of fixed blades, and in its passage through them suffers only a change 
of direction. There is practically no change of pressure, as throughout them 
the section normal to the direction of flow is constant. The exit angle 
of the fixed vanes is such that the steam is directed upon the moving 
vanes so as to enter them with the least possible shock, and in its passage 
through the latter the steam not only acts by impulse, as in the Laval 
type, but it is also allowed to expand and thus to react upon the vanes. 
A second set of fixed vanes again changes the direction of the flow and 
redirects the steam upon the next set of moving buckets. As the steam 



expands it is necessary to correspondingly increase the capacities the 
succeeding elements, and theoretically the increase should correspond with 
the curve of adiabatic expansion which is appro.ximately followed; but for 
practical reasons the stages are grouped as shown in the section, fig. 497, 
which is an example of an early Parsons turbine designed for the direct 
driving of electrical generators. The turbine is divided into three portions 
b — a high-pressure, an intermediate, and a low-pressure turbine, the dia- 
meters of which are made each larger than the previous one. It will also 
be seen that the heights of the vanes are increased in sets, the high and 
intermediate groups being divided into ' two and the low into three por- 
tions to suit the gradually increasing volume of the steam. The rings of 
fixed guides are shown attached to the casing between the successive rings 
of moving vanes attached to the rotor, and, owing to the difference of pres- 
sure over each stage, it is essential that' the clearances should be made as 
small as possible in order to avoid serious loss by leakage. On the end 
of the rotor, at the left hand in the illustration, will be seen three .sets of 
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dummy pistons c, the mean areas of which are respectively equal to the 
effective areas of the high-, intermediate-, and low-pressure turbine vanes, 
and on the upper side will be seen the passages which place these pistons 



Fiti* 499.— Radial Section of the Curtis Steam Turbine 


indicated. One of these is controlled by a centrifugal governor h and acts 
when the speed varies considerably, while the other is operated by means 
of a solenoid o which acts when the volts^ of the generator fluctuates. 
Fig. 498 is an illustration of a looo-kw. Parsons-Willans turbine with the 
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upper half of the casing hinged back to expose the rotor, and the Plat^|k. 
shows 'a marine low-pressure turbine with the reverse turbine -combined; 
in the same case. 

Turbines of the CuRTis, Rateau, and Zoelly types resemble the 
Laval in that the steam does not expand in the moving vanes; but 



they differ in having several set.s of .stages, and are equivalent to a series 
of Lava) wheels, each of which rotates at a more mtxlcrate sixied. 
Fig. 499 is a radial section showing the essential features of the Curtis 
turbine as manufactured by the Allgemeine, Klectricitats-Gescllschaft of 
Berlin, and it will be seen that the expanding nuzzles are arranged 



Fig. 5oi.->T5oo kw. Rateau-Oerlikon Steam Turbine 


around the peripheries of the fixed wheels placed between the sets of 
rotating vanes. In the case of the first wheel the nozzles occupy only 
a portion of the periphery, but in the succeeding ones the number of 
passages is increased to suit the greater volume of the expanded steam. 
High-pressure steam is admitted to the first set of nozzles, in which it is 
partially expanded before its admission to the first set of moving buckets. 



marine low-pressure parsons turbine, with the reverse turbine in the same casing 
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•It should be noted that in this particular example there are two rings of 
vanesr on the first wheels separated by a set of fixed guides which merely 
change the direction of flow of the steam. In the moving wheel the steam 
velocity falls as its kinetic energy’is absorbed, and it is necessary to again 
raise the velocity by further expanding it in the next set of nozzles before 
its admission to the second moving wheel. This operation is repeated in 
the succeeding stages, 'until at the last the pressure of the steam equals 
that of the condenser when all the available energy -has been abstracted. 
A section of the Rateau turbine, which differs only in questions of arrange- 
ment, is given in fig. 500, and fig. 501 shows the external appearance of a 
1 500-kw. turbo-generator set as manufactured by the Oerlikon Maschinen- 
fabrik of Switzerland. 


CHAPTER VI 

GAS PRODUCERS— INTERNAL-COMBUSTION 
ENGLNES-^GAS ENGINES— OIL ENGINES 

GAS PRODUCERS 

Producer Gas. — Internal-combustion engines, which will be described 
later, are now being e.xtensively used, not only for the production of small 
powers, but also in competition with the largest steam-engine plants. 
This development has necessitated the introduction of suitable plant for 
producing the gaseous fuel required, and there are now many types of 
apparatus which produce such gas from the various qualities of coal in 
common use, but for gas-engine work it is preferable where possible to use 
anthracite, to avoid the difficulties that arise in the complete extraction 
of objectionable tar. Producer gas is also greatly used for other pur- 
poses, such as the firing of metallurgical furnaces, and in such cases the 
complete extraction of the tars is of less importance so far as the actual 
consumption of the gas is concerned, but in large plants, exceeding 3000 
h.p., it is profitable to extract the by-products, of which, especially in 
the case of the ammonia, the market value is considerable. For small 
engines, of less than 20 h.p., ordinary illuminating gas drawn from the 
town mains is generally used, as the actual cost of the fuel is in such 
cases a minor charge when the convenience of the arrangement is con- 
sidered. Small engines of this kind are very extensively used, and more 
especially in town areas, where the installation of a steam boiler is often 
prohibited. 

Illuminating gas is produced by the distillation of suitable coal in 
closed retorts, and it consists largely of hydrogen and such hydro-carbons 
as marsh gas, C H4, which have high calorific values. For illuminating 
purposes it is necessary to extract very thoroughly the impurities, and 
more especially the tars, which otherwise would accumulate in the mains, 
where their removal would be both difficult and costly. The price of 
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illuminating gas is therefore considerable, and for large gas engines a 
cheaper fuel of the nature of producer gas is essential to economy. 

Producer gas is formed by the combustion of carbon, and in its 
simplest form consists of carbon monoxide, CO, which results from the 
oxidation of the incandescent carbon in presence of an excess of the 
fuel. When air is passed through a layer of carbonaceous fuel the carbon 
is. consumed, provided the temperature is sufficiently high, and carbon 
dioxide, C Og, is formed. A certain quantity of heat also becomes 
sensible, and maintains the temperature of the fire. As the C Og passes 
through the hot fuel it combines with more carbon and forms the highly 



Fig. 502.~pas'prodiicer Plant (pressure type) 

inflammable gas CO, carbon monoxide; but the heat evolved in the pro- 
duction of C O is less than in the case of C Og, and about 30 per cent 
of the total heat becomes sensible in the production of CO, so that 
theoretically the maximum heat efficiency of the gas might be consi- 
dered as 70 per cent In reality the efficiency greatly exceeds this, as 
the liberated heat is utilized in other stages of the process. 

Water Gas. — Gas produced in the above-described way is largely 
diluted with the nitrogen carried in by the air, and as nitrogen is not 
combustible, it only serves to carry away a portion of the heat. It is 
therefore desirable to have some more suitable source of oxygen, free 
from the very inert substance nitrogen, such as water, which may be 
readily dissociated at the temperature of the producer fire into its com- 
ponents, hydrogen and oxygen. When steam is passed instead of air 
into the incandescent carbon the liberated oxygen combines with the 
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carbon, as already explained, while the liberated hydrogen, which has a 
very high calorific value, passes away with the C O to the engine or the 
gasometer. Considerable heat is, however, absorbed in the splitting up 
of the steam, and as a result the temperature of the fire becomes 
seriously reduced when the steam supply exceeds a certain amount. It 
is therefore necessary to make the action intermittent by blowing air for 
a time, during which producer gas is 


evolved, and then blowing steam until 
the fire becomes affected, when the 
temperature is again raised by blow- 
ing air. This system is generally 
known as the water-gas process, and 
in practice it is essentially an inter- 
mittent one, producer gas and water 
gas being alternately evolved. In 
producer plants, which are now com- 
monly used for a great variety of in- 
dustrial purposes as well as for the 
driving of engines, the action is made 
continuous by so limiting the supply 
of the steam that the temioeraturc 
does not fall. In reality, therefore, 
producer gas contains a certain pro- 
portion of water gas, which lowers the 
proportion of inert nitrogen by intro- 
ducing in its place hydrogen, having 
a greater calorific value than any of 
the other constituents. Anthracite 
and coke are generally not so readily 
obtainable, and are more costly than 
the commoner classes of bituminous 
coals, and many endeavours have 
been made, with only partial success, 
to design a type of producer which 
would successfully burn these fuels. 
When bituminous coals are used, the 
volatile hydrocarbons help very con- 
siderably to increase the calorific value 



of the resulting gas. 


Fig. 503 


Producer Plants. — Producer 


plants for gas-engine purposes may be classified under two groups, accord- 
ing to the pressure maintained in the system. In the pressure type the 
gas is generated under a pressure higher than that of the atmosphere, 
and as CO is a very poisonous gas it is essential for safety to prevent 
all outward leakage. In the second arrangement the pressure is less than 
atmospheric, and leakage of air inwards can only result. There are other 
features of this latter system, which will be dealt with later. 

In fig. 502 an outside view of a pressure plant is illustrated, and a section- 
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illuminating gas is therefore considerable, and for large gas engines a 
cheaper fuel of the nature of producer gas is essential to economy. 

Producer gas is formed by the combustion of carbon, and in its 
simplest form consists of carbon monoxide, C O, which results from the 
oxidation of the incandescent carbon in pre.sence of an excess of the 
fuel. When air is passed through a layer of carbonaceous fuel the carbon 
is consumed, provided the temperature is sufficiently high, and carbon 
dioxide, C Oo, is formed. A certain quantity of heat also becomes 
sensible, and maintains the temperature of the fire. As the C Oo passes 
through the hot fuel it combines with more carbon and forms the highly 



Fig. 503.~Gxs*prodiiccr Plant ^pressure type. 


inflammable gas CO, carbon monoxide; but the heat evolved in the pro- 
duction of CO is less than in the case of CO.,, and about 30 I3er cent 
of the total heat becomes sensible in the production of CO, so that 
theoretically the maximum heat efficiency of the gas might be consi- 
dered as 70 per cent. In reality the efficiency greatly exceeds this, as 
the liberated heat is utilized in other stages of the process. 

Water Gas. — Gas produced in the above-described way is largely 
diluted with the nitrogen carried in by the air, and as nitrogen is not 
combustible, it only serves to carry away a portion of the heat. It is 
therefore desirable to have some more suitable source of oxygen, free 
from the very inert substance nitrogen, such as water, which may be 
readily dissociated at the temperature of the producer fire into its com- 
ponent.s, hydrogen and oxygen. When steam is pa.s.sed instead of air 
into the incandescent carbon the liberated oxygen combines with the 
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carbon, as already explained, while the liberated hydrogen, which has a 
very high calorific value, passes away with the C O to the engine or the 
gasometer. Considerable heat is, however, absorbed in the splitting up 
of the steam, and as a result the temperature of the fire becomes 
seriously reduced when the steam supply exceeds a certain amount. It 
is therefore necessary to make the action intermittent by blowing air for 
a time, during which producer gas is 


evolved, and then blowing steam until 
the fire becomes affected, when the 
temperature is again raised by blow- 
ing air. This system is generally 
known as the water-gas process, and 
in practice it is essentially an inter- 
mittent one, producer gas and water 
gas being alternately evoked. In 
producer plants, which are now com- 
monly used for a great variety of in- 
dustrial purposes as well as for the 
driving of engines, the action is made 
continuous b\’ so limiting the supply 
of the steam that the tem|Xirature 
docs not fall. In reality, therefore, 
producer gas contains a certain pro- 
portion of water gas, which lowers the 
proportion of inert nitrogen by intro- 
ducing in its place hydrogen, having 
a greater calorific \'alue than an}' of 
the other constituents. Anthracite 
and coke are generally not so readily 
obtainable, and are more costly than 
the commtJiier classes of bituminous 
coals, and many endeavours have 
been made, with only partial success, 
to design a ty[)e of producer which 
would successfully burn these fuels. 
W’hen bituminous coals are used, the 
volatile hydrocarbons help very con- 
siderably to increase the calorific value 



of the resulting gas. ‘■’•s- 503 

Produckr Plants. — Producer 


plants for gas-engine purposes may be classified under two groups, accord- 
ing to the pre.ssure maintained in the system. In the pressure’ type the 
gas is generated under a pressure higher than that of the atmosphere, 
and as CO is a very poisonous gas it is essential for safety to prevent 
all outward leakage. In the second arrangement the pressure is less than 
atmospheric, and leakage of air inwards can only result. There are other 
features of this latter sy.stem, which will be dealt with later. 


In fig. 502 an outside view of a pressure plant is illustrated, and a section* 
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of the furnace in side elevation, with a plan of the grate, is shown in 
fig. 503. Around the furnace. A, figs. 502 and 503, there is- provided an air 
space, in which the. supply of air and the water vapour which it has picked 
up in the saturator B (fig. 502) are. heated before they pa.ss into the 
chamber beneath the grate, and thence through the incandescent fuel. As 
the gases are produced they escape through ,the pipe at the top of the 
furnace to the saturator, where their heat is utilized in producing the steam 



Fig. 504.— Suction Gas Plant (sectional elevation} 


consumed in the furnace. From the .saturator the partially cooled ga.ses 
pass away to the gasometer through the cleaning apparatus, which consists 
of coke and .sawdust scrubbers D and El In many ca.ses it is not necessary 
to have a ga.someter, provided the gas is drawn from the plant under the 
required pressure. 

Suction Gas Plant.S. — Suction gas plants are particularly adapted 
for u.se with gas engines, and it is the suction of the engine that main- 
tains the action of the furnace. At each suction stroke the gas required 
for the explosion is sucked into the cylinder from the producer, and during 
the interval of the succeeding compression, explosion, and scavenging 
strokes a fresh quantity of gas is produced in readiness for the next 






MONO GAS PLANT OF 8ooO APPROXIMATE EQUIVALENT H P. WITH AMMONIA RECOVERY INSTALLATION 

manufactured and erected by the rOWBR UAS CORPORATION. UNWED 



suction, stroke. There is ak no time a pressure equal to 
atmosphe^ and therefore the danger of objection^e leakage is a^oidect- 
In. addition' to this advant^ the arran^ment is very economic^, as. the 
production of gas varies with the demands* of the engine. When the engine 
is running under fulMoad the suctiorv keeps the furnace working briskly, 
but as the load decreases the action beconfes less vigorous, and a smaller 
quantity of fuel is consumed. There is a danger that, after a prolonged 
quiet period, the producer may not be able for a time to meet a sudden 
increase in the demand, and trouble is sometimes experienced on this 
account; but the many difficulties are being overcome, and there is little 
doubt that the application of suction plants will steadily increase. A 
sectional elevation of a common type of suction plant is given in fig. 504. 
The fuel is fed through the feeder at the top into the gas-tight hopper, 
from which it descends to the working level of the furnace. As the gases 
are evolved they escape through a series of concentric baffles into the 
scrubbers, where they are cleansed before their admission to the gasometer, 
where one is provided, or direct to the engine. In its passage through the 
concentric bc-iffles some of the sensible heat of the gas is imparted to a 
supply of water which is circulated over the surfaces, and the steam thus 
generated is fed through the superheater space around the furnace into 
the fire grate, along with the secondary air supply, which is first saturated 
^^'ith moisture in the steam raiser. To start the producer, or to increase 
the action when required, a hand-starting fan is provided, and in this way 
a supply of air, called the primary supply, can be forced under the fire 
grate. 

Bv-PRODUCT Rkcovery Plant. — When the quantity of gas required 
is great, as, for example, in installations exceeding 3000 h.p., a consider- 
able saving may be effected by installing plant for the recovery of the 
ammonia resulting from the combination of the fixed nitrogen of the fuel 
and a portion of the hydiX)gen. To the late Dr. Ludwig Mond was largely 
due the credit of having made the production of uniform qualities of gas 
possible on a large scale and at a sufficiently cheap rate. 

The Plate shows a Mond gas’ and ammonia recovery plant of approxi- 
mately 8000 h.p. built and installed by the Power-Gas Corporation. 

INTERNAL-COMBUSTION ENGINES 

It has long been recognized that the system of generating power 
directly by burning the fuel in the cylinder of an engine is theoretically 
much more efficient than the steam-engine method which has been so 
greatly developed. A good steam engine is able to transform usefully 
about I S per cent of the heat supplied to it, and the theoretical maximum 
efficiency is about 30 per cent. At the present day the gas engine, so far 
as thermal efficiency is concerned, is generally accepted as being already 
twice as good as a steam engine of equal power, and there is no rigid 
limit to the efficiency. According to figures given by Mr. J. Emerson 
Dowson in his work upon producer gas, the approximate efficiency of a 
good gas engine may be taken as being 28 per cent, and this figure 
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ddes; hot differ much with the' size of the engine. Of the 72 per cent 
that is lost it is estimated that 30 per cent is dissipated in cooling the 
cylinder, and that the remainder largely passes away in the exhaust gases. 
Attempts have recently been made to utilize the heat of the waste gases, 
which amounts to about 40 per cent of the whole quantity, but so far the 
practical results obtained have not been great. For larger powers, up to 
about 300 h.p., it is necessary to use a cheaper class of gas, such as is 
obtained from the present types of anthracite suction gas plants; but for 
still larger powers the use of cheaper bituminous fuel is necessary to enable 
the large gas engine to compete with steam. Difficulty is, however, fre- 
quently experienced in the working of such bituminous plants and in the 
utilization of the gas, owing to the presence of unextracted tar. This 
question of a suitable producer is one of sexeral problems that must be 
solved before the large gas engine can be fully relied upon for constancy 
and regularity of working. There is also the difficulty arising from the 
pressure in the cylinder, which ma\' amount to from 400 to 500 lb. per 
square inch, and which maj' necessitate, in the case of large-diameter 
cylinders, walls of 3 in. in thickness to withstand the stresses due to the 
e.xplosion. This excessive thickness of wall prevents the efficient cooling 
of the internal working surface, and owing to the great difference of tem- 
perature between the inside and the outside, the metal is subjected to 
severe expansion stresses, which have too frequently resulted in the 
cracking of the cylinder walls. In small engines, or in large engines having 
a number of small-diameter cylinders, the same trouble is not experienced. 

Oil engines resemble gas engines in many respects, but they involve 
the use of certain additional organs in which the oil vapour is produced. 
A simple carburettor therefore takes the place of the large producer plant. 
But oil is an expensive fuel, and such engines are only used under special 
circumstances where suitable gas is not avail^^ble. 

An enormous industrial field has within recent years been opened up 
by the development of motors in which light-oil vapours are consumed. 
For motor-car purpo.ses the jDctrol motor is almost universally used, but 
there is no doubt that cheaper spirits will in the future be employed with 
success. Alcohol, which may be extracted from vegetable substances, 
and is therefore unlimited in quantity, has been proposed as a suitable 
substitute, but in Britain there are legislative difficulties which must be 
removed before any progress in this direction can be made. Alcohol has 
only about half the calorific value of petrol, but its flashpoint is over 60® C., 
compared with 10® C. in the case of |3etrol, and it may therefore be com- 
pressed to a much higher pressure in the cylinder. The efficiency of an 
internal-combustion engine is largely determined by the extent to which 
the charge can be compressed before its e;c plosion. 

GAS ENGINES 

Development of the Gas Engine.— To Lenoir is due the credit 
of having practically introduced the gas engine, but the engine was in 
design merely an adaptation of the simplest type of steam engine then in 



common use. Coal gas and air were drawn into the icylinder during 
tion of the' stroke, and then the admission valve was closed khd tbO ehatgc 
ignited by an electric spark. As a result of the explosion the piston wa: 
driven forward, and the energy imparted to the flywheel was sufficient tc 
maintain the motion during the succeeding stroke, while the burnt gases 
were being expelled, and also to suck in a fresh 
charge for the next explosion. Messrs. Otto anc 
Langen, to whom the early development of the prac- 
tical gas engine is largely due, introduced in 1867 s 
free-piston engine (fig. 505) which gave very remark- 
able results, and which was manufactured in large 
quantities. On the explosion of the mixture the 
piston was driven upwards at a high velocity, but hy 

means of a clutch arrange- 
ment no driving force was 
communicated to the shaft 
and flywheels. On the 
downward strbke the clutch 
within the pinion gripped 
the shaft, and thus the 
motion was communicated 
to the flywheels. A slide 
valve oj^erated from the 
engine shaft was used for 
the admission, ignition, an.d 
exhaust, the firing being 
effected by an external 
flame which was brought 
into contact with the 
explosive charge by 
the movement of the 
slide. Engines of 
this kind are gener- 
ally referred to as be- 
longing to the “ free- 
piston ** type. 

The Otto Cycle. 
— In these early en- 
gines expansion of 
the gases took place 
during the latter 

portion only of the stroke, and although M.. Beau de Rochas in a French 
patent of 1862 proposed a "four-stroke” cycle, in which the gases were 
compressed before their explosion, it was not until 1876 that the scheme 
was practically applied by Dr. Otto, who appears to have independently 
invented it. This four-stroke cycle is now known as the Otto cycle, and 
the successful introduction of internal-coinbustion engines may be dated 
from that time. In the Otto cycle there is one explosion and working 
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stroke in two revolutions of the crank or four successive stn^kes of the 
piston. 

The strokes are as follows: — 

1. Suction Stroke, — The explosive mixture of and air is drawn 
into the cylinder throuj^hoiit the stroke. 

2. Compression Stroke, — The charjje is compressed into a comparativelj' 



Fig- 506.— Sectional Elevation and Plan of a 100-h.p. “Simplex” Gas Engine 


larj^e clearance space at the end of the cylinder, the amount of the com- 
pression being dependent upon the nature of the mixture, which must not 
be compressed so far as to ignite prematurely. 

3. Working Stroke. — At the beginning of the stroke the gases are 
ignited, and the explosion drives the piston to the end of the cylinder. 

4. Exhaust or Scavenging Stroke, during which the burnt gases are 
expelled. In the following stroke the' cycle is recommenced by the 
suction of the next charge. 
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Tiiic Clerk Cycle. — Gas engines are also constructed to work on a 
“ two-stroke ” or “ Clerk ” cycle, in which there is an explosion during each 
revolution of the crank; but it cannot be said that the results obtained 
from the large engines built upon this system have been wholly satisfactory. 

A separate pump is used for drawing in the charge of air and gas in 
the correct proportions, and the pump then feeds the mixture into the 
working cylinder at the moment when the exhaust valves are opened. 
As the mixture enters the cylinder it expels the waste products of the 
previous charge through the exhaust valve, and one of the difficulties lies 
in preventing some of the mixture from also escaping. 

VVORKlxc; OF THE Engixe. — An illustration of a common type of 
engine for small powers is given in section (fig. 506) to show the general 



Fig. 507.»Cainpbell Four-cylinder («as Engine with Direct-coupled Electrical Generator 

arrangement of the parts. It will be seen that the cylinder walls are 
jacketed with water, which circulates naturally through them from a series 
of water-cooling tanks placed at a higher level, the flow' being determined 
by the differences in the temperature. As is generally the case, the engine 
is of the single-acting ty^ie, and advantage is taken of this feature by dis- 
pensing w'ith a pi.ston rod and using a bucket piston, w'hich reduces the 
overall length very considerably. At the same time the use of a bucket 
piston helps to cool the internal working surfaces. The various valves are 
operated from a common shaft so geared as. to rotate at half the speed of 
the crank; for this reason it is commonly called the “half-time” or “half- 
speed” .shaft. Upon the .shaft are fixed cams w'hich act upon the spindles 
of the valves and open them in rotation and at the correct moments. Firing 
of the mixture may be effected either by opening a communication betw'een 
the compressed charge and the e.xterior of an iron ignition tube heated to 
redness by means of an internal flame, or it may be effected electrically, in 
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Sectional Side View 

Fig. Campbell Vertical Four-cylinder Internal-combustion Engine 



Cross Section 

Fig. 509.— Campbell Vertical Four-cylinder Internal-combustion Engine 


which case a battery or 
majjneto is provided 
with suitable arranjje- 
inents for producinjj the 
spark in the explosive 
chamber itself. 

A j^cncral outside 
view of a Campbell 
four-cylinder jjas eiiffine 
cou{)led directly to an 
electrical jjcncrator is 
shown in fig. 507. These 
engines are designed for 
the driving of gener- 
ators, and are built in 
sizes of from 100 to 750 
b.h.p. A part sectional 
side view and a cross 
.sectional view are given 
in figs. 508 and 509. 
Each cylinder has an in- 
dependent set of valves 
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and ignition gear, and the engine works on the Otto four-stroke cycle. 

Methods ok Governing. — There are three common .systems of 
governing the speed to suit variations of the load. 

1 . By governing the quality of the explosive mixture. 

2. By governing the quantjty. • 

3. By the “ hit-and-tniss ” system. 

In the quality method the proportions of the air and gas in the mixture 
are varied without altering the actual volume of the charge. There are, 
however, limits beyond which the gas cannot be diluted w'ithout fear of 
making the gas of too poor a quality to ignite. It is veiy customaiy to 



Fif;. 5101— Hornsby Oil Engine (port sectional elevation) 


fit an additional governor of the hit-and-miss type, which comes into 
action when the loads falls below one-half. 

Under the quantity sy.stem the proportions of the air and gas in the 
mi.xturc are kept constant, so that the possibility of missfires at low loads 
is avoided. Only the quantity of the mixture is varied, and, as before, 
there is regularly one explosion jier cycle. Theoretically this arrangement 
is not good, as the compression is not then constant; but, on the other 
hand, the combustion is complete, and the ignition is certain at all loads, 
both of which features are of importance in practice. 

In the hit-and-miss system, which is the most economical of the several 
arrangements, a strut from the governor is suspended between the valve 
spindle and the operating lever head in such a way that when the strut is 
rai.sed by the action of the governor, as the speed rises, the lever head 
mis.ses the strut and fails to open the admis.sion valve. As the load falls, 
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and therefore as the speed of tlie engine rises, one or more ci^nsccutive 
charges are omitted until the speed again falls to the normal. With this 
arrangement it is difficult to ensure uniformity of the sjxjed, which during 
the idle strokes has to be maintained by the momentum of the flywheel. 
There is a greater tendency now to abandon the hit-and-miss s}\stcm on 
this account, and more especially as the demands for close regulation are 
steadily increasing. 

OIL ENIilNES 


Oil engines are used for smaller powers when the conditions are favour- 
able, but within recent years progress has been made in the introduction of 



Fiflf. 5ti. — Sectional Side and Front Elevations of Diesel Engine 


latter engines capable of consuming cruder and therefore cheaper classes 
of oils. In engines of this class the oil is broken up into minute globules 
and intimately mixed with air by means of a carburettor, of which there 
are many forms. In general the oil is scattered by a jet of air and carried 
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over into the cylinder, where the mixture is compressed as in the case of 
the gas engine, but to a lesser degree. When ignition takes place, the oil 
burns rather than explodes, and the initial pressures are not so high as 
when gas is burned. A part section of the Hornsby oil engine is given in 





Fig. 5T9.— Diesel Engine with a Direct-coupled (sencralor 

fig. 510, and the portable burner arrangement is shown at the right-hand 
end under the cylinder. It will be seen that, apart from certain details, 
there is little mechanical difference between oil and gas engines. 

When the combustible mixture is compressed until the temperature 
rises to the point of ignition there is great danger of premature explosion, 
and the dqjree of compression is therefore limited. 

Voi. VL 
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Fig. 513.— Cron Section of Dion* Bouton Two*cylinder Motor 


Mr. Diesel has overcome this difficulty in the Diesel engine by com- 
pressing the air alone in the cylinder and then injecting the oil into it 
The air Ls compressed to about 500 lb. per square inch, and as a result a 
temperature of about 1000° F., sufficient to ignite the fuel, is attained 
without the aid of any separate ignition arrangements. Petroleum is 
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then injected into this high - temperature air, and combustion at once 
takes place as the oil is admitted. Owing to the more gradual com- 
bustion as compared with the explosion of gas, there is at all times a 
less temperature difference, and the losses to the walls are therefore 
smaller. Sections of the Diesel engine are given in fig. 511, and an 
e.xternal view in fig. 512. 

Carburetted-air engines have been developed to a high degree in con- 
nection chiefly with the motor-car industry, but they are now being used 
for many other important purposes on land and sea, and the introduction 
of these small high-powered engines has made possible the recent develop- 
ment of dirigible balloons and aeroplane.s. 

A section through one cylinder of a Dion two-cylinder motor is 
shown in fig. 513, and this example may be taken as typical of those 
applied to motor cars. It works upon the Otto cycle, and the fuel is a 
gaseous mixture of air and the vapour of such spirits and volatile oils as 
alcohol and petrol. Both the exhaust and the inlet valves are operated 
positively from a half-time shaft, which, as already explained, makes one 
revolution during two revolutions of the crank. Motors of this kind will 
be more fully dealt with later, in their application to the motor car. 


CHAPTER VII 

ELECTRICAL MACHINERY: DYNAMOS— MOTORS— 
TRANSFORMERS. ELECTRICAL POWER: PRO- 
DUCTION, TRANSMISSION, AND DISTRIBU- 
TION-STORAGE BATTERIES 

DYNAMOS 

Principles. — Three-quarters of a century have barely elapsed since 
Faraday discovered the phenomenon of electrical induction, which forms 
the ba.sis of modern electrotechnics. It is certain that magnetism and 
electricity were both the subjects of discussion among the philosophers of 
a much earlier period, and the use of the magnetic needle is attributed by 
some to the Chinese of 120 A.D. So far as modem practice is concerned, 
the pre.sent state of development is the growth of only thirty years, and 
the most important advances have been made within a still shorter period. 
Considering the varied nature of electrical engineering, and the numerous 
kinds of machines employed, it will not be possible here to treat of the 
subject historically, or to enter into any theoretical consideration of the 
principles involved, beyond what is necessary to make the operation of 
the various machines understandable. 

When the lines of magnetic force surrounding the poles of a magnet 
are cut by a loop of wire moved through them, a current is induced in the 
wire, and the flow continues in the closed circuit so long as the lines of 
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force are being cut. If the loop be held stationary relatively to the 
magnetic field, no flow of current takes place; but as soon as relative 
motion takes place, the current commences to flow with a strength which 
depends upon the rate at which the magnetic lines of force arc cut. If 



the motion be reversed the flow of current 
will also be reversed, and there is a definite 
relationship betweei'. the various elements, 
which was first established by Oersted in 
1820. There are tliree waj's in which the 
voltJigc, that is, pressure, of the induced cur- 
rent may be made as great as is desired. The 
density of the magnetic flux, or the speed of 
rotation, or the number f)f loops in the coil 
may each be increased, so that in i)raclice 
there is considerable latitude in the question 
of design. 

Earlv Dvxamos. — From this clemen- 
tJiry explanation the action of the first dy- 
namo (fig. 514), introduced by Pixil in 1832, 
will be more readily understood. On the 
top of the frame is arranged the conductor 
coiled upon two bobbins in .scries. Under- 
neath the bobbins is placed the ixirmanent 
magnet, the poles of which may be cau.scd 


to .sweep past the coils in which the current is induced. As the magnet 


poles sweep past the bobbins the rate at which the field is cut by the 


coils will be a maximum for that particular speed, and the voltage will 


therefore reach its highest value, as shown at B in fig. 515. When the 



Fig. 515.— Biagrain of Induced Current Intensity or Voltage 
in the Pixii Dynamo without a Commutator 


poles turn through 90 d^rees 
they will lie across the plane of 
the coils, and the voltage of the 
induced current will be a mini- 
mum, as at C. As the rotation 
is further continued current will 
again increase, but its direction 
will be reversed, since the north 
pole of the magnet is now cut- 
ting the coils, which before were 
under the influence of the south 
pole. This is indicated in the 
diagram, which shows the vari- 
ation of the current intensity 
during one revolution of the 


magnet For many purposes it is necessary to have a current which docs 
not change in direction. Thus, for example, it would be impossible to 
store such alternating current by means of accumulators, as the chemical 
eflects produced by the flow in one direction would be immediately 
neutralized by the reversed flow. So far as the external circuit is con- 
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cerned it is possible to make the current flow always in the one direction 
by changing over the connec- 
tions to the coils at the moment 
when the current flow is re- 
versed. Currents of this kind 
are said to be commuted, and 
the arrangement of contacts for 
effecting this result is called a 
commutator, one of which in its 
simplest form is shown upon the 
rotating spindle of the Pixii 
machine, fig. 514. In 1857 Dk. 

Wkr x\ KR Si km KNS introduced 
certain improvements both in 
principle and in design, and his 
arrangement is commonly in use 
at the present day with very 
slight essential modifications. An early Siemens machine is illustrated in 
fig. 516. Permanent magnets A are used as before for the production of 



Fig. 517.— Two-pole, Continuoii8*current Dynamo 



l*ig. 516. — Early Siemens Dynamo or Magneto 


the magnetic field in which the armature coil E rotates, and to machines of 
this kind is given the name magneta If the current produced by a simple , 
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single-coil machine of this type were passed through a suitable electric 
lamp the light would rise and fall at each pulsation, and for many other 
purposes it is desirable to have a continuous current flowing in one direc- 
tion. This is effected in modern dynamos by arranging a large number of 

coils around the armature in such a way that 
at an}’ moment one or more is passing through 
its position of maximum current strength, and 
b\’ providing a commutator the bars of which 
are connected in order to the various coils. 

A Dynamo.— A simple con- 

tinuous-current dynamo suitable for electric- 
lighting purposes is shown in fig. 517. At 
the sides arc shown the field coils through 
which a portion of the current produced is 
passed in order to magnetize the poles that 
create the magnetic field, and the armature is 
shown in p*>sition between the pole.s. 'I'he 
armature is built up of laminations or stamped 
rings of soft iron strung upon the spindle and 
forced tightly together to |)revent the hum- 
ming sound which is otherwi.sc produced. H\' 
dividing up the core in this way the forma- 
tion of stray local currents is prevented and the efficiency is improved. 
Longitudinal slots are cut in the face of the armature core or, as it is 
called, carcass, and into these the coils are fitted. ICjich coil miay consist 
of a number of turns of wire, or, when the current to be carried is con- 



Fig. 518. — Uyn.'iiiio with Electru-niag« 
netic. Series* wound Kidd 


1 


1 


F 4 r. 519.— ^biint-wound Dymuno 




Fig. 590.— Compound-wound Dynamo 


siderable, of copper bars, and in practice they are taped together and sepa- 
rately formed so that they may be readily inserted in the armature slots, 
and the ends connected in the case of a two-pole machine to diametrically 
(^>posite bars of the commutator. The currents generated by the arma- 
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ture are led away to the external circuit from the copper or carbon brushes 
which bear upon the commutator surface. A portion of the current also 
passes through the field coils, which may be either in series with the 
armature or in parallel, or partly in both series and parallel circuit. 

WiNDiNci OF Fikld Coils. — According to the winding adopted for 
the field coils dynamos are said to be series, or shunt, or compound 
wound, and the three methods of winding are shown diagrammatically in 
figs, 518, 519, and 520. In the case of the SERIES WINDING it will be 
seen that the whcjle of the current produced passes through the field coils, 





Fig. sai.— Field Magnets of looo-kw., Continuous-current, Multipolar Dynamo 


and that the greater the current flowing in the external circuit the greater 
is the strength of the magnetic field. VVhen the external circuit is opened 
the flow ceases, and the field becomes practically zero. In the case of the 
SHUNT-WOUND MACHINE this is not SO, for whm the external drcutt 
is opened there is still a path through the field coils, and therefiare tiwi' 
strength of the field does not alter to the .same extent as the external 
demands for current vary; that is, the volb^ remains practically constant' 

A series machine is best fitted for maintaining a constant current 
and a .shunt machine for producing a constant volU^ but better “selC- 
regulation” so far as voltage is concerned is obtained by combining the 
two sy.stems in suitable proportions, in which case the dynamo is of the 
COMPOUND-WOUND TYPE. 

Multipolar Dynamos. — For mechanical and electrical reasons 
dynamos are frequently built with two or more pairs of poles, a system 



72 


ENGINEERING 


which permits of a high voUjige being obtained without unduly increasing 
the armature wiring or the field density, or the speed of rotation. Each 
pair of consecutive poles of the multipolar machine acts as in the case 
of a single bipolar one, and the speed of rotation for a definite voltage when 
other factors remain unaltered is reduced in proportion to the number 
of pairs of poles. By increasing the number of poles the speed can be 
reduced sufficiently to permit of the generator being driven directly from 
the comparatively slow-speed engines installed in many power stations. 



Fig. 59a.— Ann.itiire of iooo-k\v.. Continuous-current OyiiAmo 


An illustration of the magnetic port!»>ns of a large looo-kw. (1340 me- 
chanical h.p.), continuous-current, slow-speed generator by the General 
Electric Company of Birmingham is shown in fig. 521, and the armature is 
illustrated separately in fig. 522. It will be .seen that there are eight pairs 
of poles and that the brush gear is multiplied in the .same proportion. The 
brushes are connected in two corresponding sets, and are carried upon a 
ring capable of adjustment by means of the hand wheel, shown on the right, 
as the working conefitions alter. This machine is of an exceptionally large 
diameter, and is designed for the comparatively low speed of 100 revolu- 
tions per minute and a voltage of 460 , the power being used for both 
lighting and traction purposes. When a higher speed is permissible the 
number of poles does not generally exceed eight, and the machines are of 
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a much smaller diameter. A typical example of a six-pole, 3SO-kw., 460-volt, 
continuous -current generator is shown in fig. 523, directly coupled to a 
llelliss and Morcom high-speed engine, running at 375 revolutions per 
minute. 

From many points of view the use of a commutator is undesirable. 
It is a costly part of the machine, and there are friction and electrical 
losses at the surface which cannot be entirely avoided. There is also 
difficulty, when the pressure exceeds 500 volts, in sufficiently insulating 
the adjoining coils of the armature without unduly increasing the size 



593* — 350-lcw . Continuous-current Cencrator direct coupled to a Dciliss & Morcom High-speed Kiigine 


of the carcass, ami for verj' hijih voltaj^e, such as 5600 or 6000, the con- 
tinuous-current type of machine is impracticable. 

Altkkx.vtin(;-(:uri<i:nt Genkr.\tors. — Some reference has been 
already made to the simple or sinj;le-|jha.se alternating currents induced 
in a coil when rotated so as to succe.ssively cut the north and .south 
fields of a magnet, and the ri.se and fall of the current voltage during 
one |x:riod, or in this case revolution, has been illustrated in the diagram, 
fiff* 515* Alternating currents are now extensively u.sed for the driving 
of motors, and also for arc lighting when the number of cycles per 
second 'or the periodicity is suflficiently High to make the fluctuations 
unobservable; but it is for the production of high-volt^ currents, suitable 
for transmission to motors or transformers at some distance, that alter- 
nators are chiefly employed. In fig. 524 is shown diagiraihmatlcally a 
single-phase, alternating-current generator connected to a single-pluMt 
vof.. VI no 



74 


ENGINEERING 


motor. Each consists of a stationary ring armature upon which the con- 
ductor is coiled and of a moving magnet, the fields of which cut the coils 
during each rotation. As the generator magnetic field approaches the coils 
a current of increasing intensity is induced, and as the field passes beyond 



Fig. 524.— Single-phase Generator and Motor (dligrammatic arrangement) 


them the intensity diminishes, until when the coil lies equally between 
them the induced current is zero. These currents flow through the coils 
of the motor armature, the core of which becomes alternately magnetized 
and demagnetized, and induced magnetic poles are formed intermittently 
at the portions of the rings between the coils. A single-phase motor of 



S^S-^Two-phase Generator and Motor (diagrammatic arrangement) 


this description is not self-starting, as the rotor is attracted by the induced 
poles to a position at right angles to that .shown in the diagram, where 
there is no tendency for the rotor to pa.ss this dead point un1e.ss sufficient 
momentum is imparted to it by external means, or unless some special 
self-starting device is provided. 
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Polyphase Machines. — By duplicating the system as shown in 
diagram, fig. 525, this difficulty of self-starting may be overcome, but 
the number of line wires betw^n the generator and motor is doubled, 
although there is an actual economy of copper. It will be seen that the 
two circuits are independent and that one occupies a position 90 degrees in 
.advance of the other. Considering first the generator, it will be evident 
that when the field magnet passes the coil A, the current pressure induced 
in coil A will be a maximum and in B a minimum. At a position midway 
between A and B there will be equal currents of intermediate value in both 
coils, and when the field passes coil B that coil will have its maximum 



Fiff. 536.— 135-kw., Single>phase, Alteniating-current Generator 


current pressure and A its minimum. It will be .seen that there is at ever}' 
moment some current flowing in the motor, and that consequently the 
motor is more nearly self-starting. When there is full current in coils 
A of the motor, and none in B, the magnet poles are drawn into the posi- 
tion shown ; and as the current in A falls and that in B grows, the position 
of the |X)les advances, until when equal currents flow through both circuits 
the field magnet is drawn into a position 45 degrees in advance of the 
former. When coil B is alone excited the field is still further advanced. 
Alternating currents of different phase flowing through the armature of 
a motor in the manner described produce as a result a rotating m^i^etic 
field, which forcibly drags round with it the rotor at a speed synchronous 
with that of the generator. Three-phase systems have, as the name im- 
plies, three windings, and when the number is still further increased the 
name polyphase is customarily used. 
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Fig. 537.— Half Stationary Ariiiatiirc King of a i5uo-kw., i'hreC’phasu, Alternating-current Generator 


^Although a generator may be of the single-phase type, it ma)^ have a 
large number of pairs of coils grouped upon the armature, just as in the case 

of the continiious- 
current machine 
the number of 
poles was increased . 
'to suit a slow 
speed of revolu- 
tion. liy increas- 
ing the coils in 
this way tlie 
number of cycles, 
or, as it is called, 
the periodicity or 
frequency, is cor- 
respondingly in- 
creased. So far in 
considering these 
alternating-current 
machines it has 
been assumed that 
the magnetic field 
is produced by per- 
manent magnets, 

but in practice it is necessary to use electromagnets, and therefore some 
source of continuous current is required for the excitation of the field. In 



Fig. 528.— Rotor of a 36o-kw., Three-phase, Alterriating-current Generator 
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fig. 526 is shown a i3S-kw., single-phase alternator arranged for direct 
coupling to a water turbine. On the extreme end of the shaft will be 
seen the small continuous dynamo which supplies the current for the 
excitation of the field coils carried upon the rotating part of the machine, 
and the slip rings and brushes through which the current is supplied to 
them arc also shown upon the shaft. Alternators arc sometimes built with 
the field portion stationary, but there is a great advantage in having the 
armature portion stationary, as the insulation can be better maintained, and 
there is less difficulty in arranging the connections. One-half of the stator 
or stationary armature portion of a 1 500-kw., three-phase generator in course 
of erection is illustrated in fig. 527, and the arrangement of the three sets 
of coils in the slots of the laminated core is clearly indicated. The rotor of 
a 360-kw., three-phase set is also shown in fig. 528. 

MOTORS 

Continuous-current Motors. — A continuous-current generator 
may be run as a motor by merely providing a suitable tj'pe of starting 
switch, which first admits current to the field and then gradually to the 
armature coils as the speed increases, so as to avoid the danger of burning 
them. Motors arc, however, generally made of a form different from that 
of the generator, to suit the conditions of working, which may require the 
working parts to be completely enclosed to protect them from dust and grit. 

Altkrnatinc-current Motors. — Alternating-current generators 
may also be run as motors, but their operation is not so simple as in -the 
case of continuous-current motors; because in the first place their fields 
must be separately excited from a continuous-current supply. In the case 
of single- or monophase systems there is in addition the still more serious 
objection that the motor is not self-starting and must be rotated until the 
speed synchronizes with that of the generator. When the single-phase 
current flows in the armature of the mt)tor, the resulting magnetic field 
rises and falls, but the position of the induced poles does not change, as 
already explained. If, however, the speed of the rotor is such that the 
position of the magnet poles relatively to the rotor becomes reversed at 
intervals corresponding with the reversal of the induced field, the rotation 
will be maintained; but if for any reason, such as a heavy and sudden 
increase of the load, the rotor is caused to lag and get out of step, it will 
immediately stop. 

Induction Motors. — Induction motors depend for their motion 
upon the interaction of the currents supplied to the field coils and the 
currents induced in the winding of the armature, but as before they are 
not self-starting unless use is made of the rotating field, obtainable with 
two- and polyphase currents. This may be effected in the case of single- 
phase motors by splitting the phase, which consists in dividing the single- 
phase currents over two windings, one of which contains sufficient extra 
inductance to sufficiently modify the phase. By the use of two-phase or 
polyphase currents in the suitably arranged field coils of a motor there 
is established a rotating magnetic field, which drags round the armature 
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as a result of the reactions of the magnetic fields. When using two- 
phase currents the coils are arranged in two sets, and when polyphase 
currents of two or more phases are used the number of windings is cor- 
respondingly increased. The armature of an induction motor consists of 
a laminated core, provided with a winding of very low resistance built 
up of heavy copper bars Connected by copper end rings. Only induced 
currents flow in the armature, .and there is therefore no necessity for slip 
rings and brushes or for a separate supply of continuous current, as in 
the case of the simple alternators, which require separate ejrcitation. The 
force with which the rotor is dragged round depends upon the rate at which 
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Fig. 599.~Three-phase Induction Motor 


the armature bars cut the magnetic lines of force, and it is therefore clear 
that the speed of the rotor must always be less than that of the rotating 
field. When the load increases the motor will lag more, and as a result of 
the greater relative speed more lines will be cut per second, and the driving 
force will increase. In the same way as the load decreases the rotor speed 
will more closely equal that of the field, and the driving torque will be 
diminished. When starting the machine the rotor will be stationary and 
the torque will be a maximum, which is a feature of great advantage when 
the motor is required to .start under its full load. Owing to the extra large 
starting current which flows when the rotor is stationary there is a possi- 
bility of the voltage of the supply mains being disturbed, and to prevent 
this it is customary to provide the armature with three windings and 
to supply three corresponding external resistances, which may be gradually 
cut out as the speed rises. 

There are other arrangements for realizing the same effects, but they 
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need not be described here. An external view of a three-phase induction 
motor is shown in fig. 529, The field winding of. the stator consists of 
three sets of coils, one for each phase, connected together at one end and to 
the three line wires at the others. The rotor winding is also divided into 
three groups, con- 
nected to one an- 
other at a common 
neutral point, and 
to the three insu- 
lated slip rings on 
the shaft. From 
the slip rings 
brush connection 
is made with the 
starting switch, 
which contains 
the resistances and 
the armature short- 
circuiting devices. 

When no switch of this kind is provided the slip rings are dispensed with, 
and the rotor is of the simple squirrel-cage type, which consists of copper 
bars laid in the parallel slots of the core and joined at their ends by heavy 
rings, as shown in fig. 530. 



TRANSFORMERS 

Transforming of Continuous Curkknt. — For the transmission of 
electrical power over any considerable distance it is essential, in order 
to prevent a serious loss in the operation, that the quantity of current 
should be small, and therefore that the voltage should be great; but 
it is not advisable to run industrial motors at voltages of over 500, and 
it is therefore necessary, before use, to transform the high-voltage 
current to a lower pressure. In the case of continuous current the 
simplest arrangement consists of a motor driven from the high-pressure 
mains, and coupled to a generator so wound as to produce current at 
the required voltage. Continuous-current transformers are generally used 
for transforming through small ranges, because very high-voltage con- 
tinuous currents are rarely met with in practice, for the reasons already 
explained. They are frequently used as BOOSTERS at intervals along 
a distribution line for raising the pressure sufficiently to compensate for 
the fall, which generally amounts to only a few volts, or they may be 
used for balancing the distribution mains of a three-wire system, as will 
be described later. 

Transforming of Alternating Current. — Alternating current 
at one pressure may be transformed into alternating current at another 
by means of an alternating-current motor, coupled as before to a suitably 
wound alternating-current generator, and it is also possible by means of 
coupled machines to transform from current of one kind, such , as single* 
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phase, to current of another, as, for . example, three-phase, or into con- 
tinuous current This last arrangement is the one nu>st frequently re- 



533>— Alternating Current to Coiitinuoue Current Rotary Converter set 

set for converting three-phase alternating current of 2000 volts into 
continuous current of 240-volt pressure for lighting purposes is shown in 
fig. 5 ji. On the left will be seen the three-phase motor driven from the 
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high-voltage supply, and on the right the continuous-current generator 
coupled to the motor by means of a flexible leather-link coupling. 

Rotary Converters. — Rotary converters are also used for converting 
from alternating current to continuous current, or vice versa. There is, 
in certain machines, only one set of field coils excited by means of con- 
tinuous currents in the usual way, and one armature winding, which is 
suitably connected to a commutator at the one side and to slip rings at the 


other. By means of the com- 
mutator the alternating cur- 
rent which passes into the 
machine is commuted and 
given out again as continuous 
current with only a small loss. 
When transforming from con- 
tinuous. to alternating current 
there is no difficulty in start- 
ing, but when converting 
single-phase, alternating cur- 
rent to continuous current 
means must be provided for 
running the machine up to 
its correct speed, as the syn- 
chronous motor portion is not 
self-starting. In the example 
illustrated (fig. 532) a small 
continuous -current motor is 
shown coupled directly to the 
machine, for the sole purpose 
of starting it. 

Static Converters. — 
Alternating currents may be 
very readily transformed from 
one voltage to another by 
means of static converters, 
which do not involve the use 
of any moving mechanisms. 



A static transformer or con- Fig. 533.— Weslinghousc static Transformer 


verter consists of two separate 

windings, one of which is composed of a few turns of heavy wire, and 
the other of a large number of turns of fine wire, both wound together 
upon a common magnetic core. Upon the ratio of the coils depends the 
proportionate change of voltage which takes place in the transformation. 
When transforming from a high voltage to a low the high-voltage alter- 
nating current is passed through the large coil of many turns, and the 
fluctuation of the magnetic field created induces in the coarse winding a 
similar alternating current of lower voltage. It should be noted that static 
transformers can only convert alternating current into alternating current, 
because in the case of continuous current the magnetic field established 
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is continuous, arid therefore the rate at which the magnetic lines of force 
cut the foils is zero. 

Insulation is a matter of great importance in transformers which have 
to deal with very high voltages of from 2000 to 20,000 volts, and there 
are many constructions and many kinds of insulating materials used. In 
the example shown in fig. 533 the high-voltage coil is subdivided into 
a number of smaller ones connected in series and insulated from one 
another. In, .this way the actual difference in voltage across adjacent 
coils is reduced. The whole apparatus is immersed in oil, which insulates 
the windings from the outer casing and also helps to keep the temperature 
from rising to a serious extent. 

Electrical Power: Production, Transmission, and Distri- 
bution. — Owing to the high- capital cost of large copper cables it is 
necessary to reduce the quantity of current to be carried by raising the 
voltage, and this, again, in the case of high pressures, involves the use of 
alternating-current machinery. Under these conditions the high-voltage 
alternating current is transmitted through comparatively small cables 
to the distant substation, where it is transformed to suit the require- 
ments of the consumers. If, for example, the alternating current is 
generated at, say, 6000 volts and transmitted to the substation, it might, 
in a typical installation, be reduced there in static transformers to alter- 
nating current of about 600 volts before its conversion in rotary converters 
into continuous currents of about 500 volts. From the substation the 
continuous current would be then distributed by means of feeders to the 
various motors, or lamps, or other electrical plant to be supplied. 

A Typical Power Station. — A section through the Long Island 
City power-generating station of the Pennsylvania Railroad Company is 
shown in the Plate. Like the majority of such stations it consists of 
a boiler house, shown on the left, and an engine house, on the right; but 
in the example illustrated the latter is not so lofty as is usual in recipro- 
cating-engine stations, owing to the use in this case of high-speed steam 
turbines, which occupy much less height and floor space. At the top of 
the boiler house are placed, the coal bunkers, which are filled directly 
from the railway trucks by’ elevators and other mechanical means. On 
each of the lower floors are arranged two rows of Babcock and Wilcox 
water-tube boilers, each provided with steam superheaters, shown imme- 
diately under the water drums, and with economizers so placed in the 
flues behind the boilers as to abstract some of the heat from the escaping 
gases before they pass away to the chimneys. The ashes from the 'grates 
fall into hoppers and are then carried away by means of conveyers to 
the refuse trucks. Steam turbines are used in the engine house for driving 
the alternators, each of which is of ssoo-kw. capacity, and underneath, in 
the foundations, is installed the condenser plant. The current is led from 
the machines to a switchboard, and thence through the transmission lines 
to the substations, where it is transformed down to the working voltage. 

Wiring Diagram of a Station. — A diagram of the connections 
required for a section of a typical, three-phase, alternating-current gene- 
rating station, and for the transformer substation, is given in fig. 534. 










ICbnsiderihg finit ' th^ 
generating dti|idon> it* 
wiU;.be sem that tbm 
are two alternatoist 
arranged to .wpilc in 
parallel arid to fi^d.the 
same set of cables. The 
exciters are continuous- 
current machines sup- 
plying current to the 
generator field magnets, 
the excitation of which 
may be controlled by 
means of the regulating 
resistances shown. From 
the three armature coils 
of the alternators sepa- 
rate connections- are led 
through ammeters, which 
register the flow of cur- 
rent, and through safety 
fuses and switches to 
the line bus-bars on the 
main switchboard. If 
one alternator alone is 
running, and it is desired 
to run the second, it is 
essential that the latter 
should be run up not 
only to the correct speed 
before it is connected to 
the common bus -bars, 
but also that the connec- 
tions should not be made 
until both machines run 
in step, so far as the 
phase is concerned, in 
order to prevent a serious 
disturbance of the pres- 
sure. The synchronizer 
shown is provided to 
enable the operator to 
determine the moment 
when the machines run 
in step, and when he 
may close the main 
switches connecting the 
second machine' to the 
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bus-bars. From the switchboard three transmission lines, A, B, C, carry 
the current to the substations, of which there may be several. In this 
particular example the current is only converted to alternating current at 
a lower voltage, and static converters alone are therefore employed. 

The Three-wire System. — A continuous-current distribution circuit 
of the simplest kind consists of two wires, one for cariying the current to 
the plant where it is consumed and the other for returning it at a lower 
voltage to the generator. By the adoption of a three-wire system, illus- 
trated diagrammatically in fig. 535, a considerable saving in the quantity 
of copper required for the conductors carrying the same total load as 
before may be effected by combining two simple circuits and substituting 
for the two return wires a single one, the diameter of which is usually 
made about one-half that of either of the outers. Two generators, each 
of, say, 220 volts, are connected as shown across the lines, and as a result 
of the series connection of the generators there is across the outers a 
pressure of 440 volts, while the pressure between each of the outers and 
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the middle wire is only 220 volts. This arrangement is particularly con- 
venient in combined power and lighting installations where the motors 
run at, say, 440 volts and the lamps at 220 volts. It will be seen that 
the middle wire has only to carry the difference of the current flowing 
in the two low-pressure circuits, and that when the loads are equally 
balanced the middle wire will carry no current. If desired, a pressure 
across the outers of locx) volts could be obtained with the use of two 
500-volt machines, and this arrangement is sometimes adopted when the 
length of the distribution Hoes is considerable. 

Storage Batteries.— Primary batteries are only suitable for the 
production of comparatively small quantities of electricity as a result of 
the consumption of some such metal as zinc, and the constancy of the 
pressure cannot be maintained for long when the battery is worked at 
any considerable rate, owing to the polarizing effect of the gases evolved, 
which gather upon the surfaces of the elements. By means of secondary 
batteries the mechanically generated currents may be stored up for future 
use without involving the permanent consumption of the elements em- 
ployed, or without any serious loss of power. 

Many eminent scientific names are associated with the problem of 
storing electrical energy by direct chemical means, and the fundamental 
ideas involved are old. Probably the name most closely associated with 
the question is that of Gaston Plante, who, in i860, described the 
lead lead-peroxide type of cell now commonly used with but few modi- 
fications. In this cell a negative plate of lead in a spongy form and a 
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positive plate covered with a layer of lead peroxide are- required, and 
to produce these it is necessary to first subject the metallic lead plates 
to a forming process which requires considerable care and time. Modem 
cells are generally made with pasted plates — that is, both the positive 
and the negative plates consist of lead grids, the spaces of which contain 
the lead and lead dioxide in the form of pastes, and in this way the 
forming process is avoided. There has been considerable discussion as to 
the precise chemical changes that take place in an accumulator during the 
operations of charging and discharging, and it appears that the reactions 
vary to some extent with the conditions of working. An accumulator 



Fig. 536.— Set of Three Tudor Accumulator es'plate Cells 


in the charged condition consists of a negative plate coated with porous 
metallic lead, and a positive plate pasted with lead dioxide, PbOg, both 
immersed in water acidulated with sulphuric acid. When in good con- 
dition, and fully charged, the positive plate appears dark, with a charac- 
teri.stic purple bloom. In the discharged condition the lead of the 
negative plate becomes sulphated, and gaseous hydrogen is evolved, while 
the dioxide of the positive plate also becomes converted into lead sulphate, 
which has a grey appearance. Expressed in chemical formula: the re- 
actions may be explained as follows: During the charging of the cell 
after a previous discharge the water is split up by the current into 
hydrogen and oxygen, and the reactions at the positive plate are — 

PbSO* -1- O + HjO = PbOg -h HjSO*, 

and the reactions at the negative plate are — 

PbS04 -I- Hg = Pb -h HjSO^. 
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During the discharge the reactions are: At the positive plate: 
PbOj + Hg + H8SO4 = PbSO* + aHjO, 

and at the negative plate: 

Pb + HjS 04 = PbS 04 + Hj. 



Fig. 537.— Tudor Positive Plate 



Fig. 538.— Tudor Negative Plate 


During the operation of 
charging, electrical energy is 
expended in effecting the 
chemical changes, and this 
electrical energy is again 
given off as a result of the 
chemical reactions that take 
place during the discharging 
process. 

As the action is a chemical 
one, there is a definite voltage 
for each pair of plates, but by 
placing a sufficient number of 
plates in series any desired 
voltage may be obtained. 
Thus, between each pair of 
plates of the series, when fully 
charged, there is a voltage of 
about 2.6 volts; but as the 
voltage falls during the dis- 
charge it is safer, in calculat- 
ing the number of cells re- 
quired, to reckon the voltage 
per cell as 1,8 volt. For a 
total voltage of 100 the num- 
ber of cells required would 
thus be SS, 

As regards the rates at 
which the battery may be 
charged and discharged there 
are limits, determined by the 
danger of the plates becoming 
buckled through unequal ex- 
pansion. By increasing, how- 
ever, the area of the surfiices, 
as, for example, by grouping 
in each cell-a number of plates 
in parallel, the capacity of the 
battery may be made as large 
as desired. Three Tudor type 
accumulator cells, each of 
which has twenty-five plates. 
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539.— soo-volt Battery of 270 A.B.P. Type Accumulator Cells 


arc shown in fig. 536 mounted in lead-lined wood boxes and supported 
upon insulators which prevent loss of current by leakage. The positive 
plates of each cell are metallically connected to one another and to the 
similarly joined negative plates of the adjoining cell, and the conductors 
are respectively led to the extreme negative and positive bars of the 
battery. In figs. 537 and 538 are shown the positive and the negative 
plates, in the interstices of which the paste is securely held. There are 
other types of accumulators, which practically differ only in the method 
of constructing and forming the plates. The illustration, fig. 539, shows 
a 500-volt battery of 270 A.B.P. type accumulators which may be 
discharged during ten hours at the rate of 49 amp. 


CHAPTER VIII 

MATERIALS OF CONSTRUCTION: TIMBER— STONE 
—CEMENT— IRON AND STEEL, ETC. 

TIMBER 

Many of the greatest advances in engineering are marked by the 
introduction of some improved niaterial of construction of greater strength 
'and tenacity. For many purposes timber has been largely displaced by 
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wrought iron, and wrought iron by mild steel, which in turn is being 
replaced by chrome, nickel, and other special steels of improved qualities. 
Although timber is no longer used for the construction of large bridges, 
buildings, or ships, where great strength in comparison with weight is 
required, the use of wood for many purposes is universal, owing very largely 
to the great ease with which it can be worked. 

Soft Woods and Hard Woods. — In general the different qualities 
of timber used for engineering purposes may be divided into two classes, 
namely Soft V/oods and Hard Woods. Under the soft-wood heading 
may be included the Baltic timbers, the red pines of the Danzig, Riga,, 
and Memel districtSi and spruce, together with the yellow pines of America. 
To the hard-wood class belong such woods as oak, ash, elm, beach, teak, 
mahogany, and greenheart. 

In estimating the strength of timber, oak is generally taken as the 
standard of comparison fpr both hard and soft woods, its stiffness and 
strength being reckoned as unity. Any comparison is, however, indefinite, 
as the actual strength of a timber is more determined by the absence of 
such flaws as dead wood, knots, and sap wood. 

Of the Baltic timbers, Danzig red is the strongest and stiffest, and in 
these respects it surpasses oak, but owing to the frequent presence of 
defects the actual strength from the structural point of view is not so 
great. American red pine is extensively used for internal joinerwork, 
for which it is very suitable. It does not warp readily, and it is easily 
worked without being too soft. 

Elm is employed in damp situations, and is therefore suitable for the 
cdnstruction of foundations r larch is also largely used under similar con- 
ditions, and more particularly for railway sleepers, where durability under 
exposed conditions is of first importance. Greenheart is also used for 
piles and foundation work not only on account of its durability but 
because of its strength under compression, which is i.6 times that of oak. 
It is a very hard wood and is difficult to work. 

Seasoning and Preservation. — Wood in its natural green state 
contains a large percentage of moisture, not only in the pores but also 
in the substance of the cells, and the presence of this moisture serioiisl)' 
affects the strength and permanence of form. To remove the water, 
timber is subjected to a prolonged natural seasoning process, after it is 
cut down, by storing it under cover and at the same time allowing dry 
air to circulate freely around it. As the water contained in the pores 
evaporates away the weight of the timber diminishes, but the strength 
is not increased to any considerable extent. As. the seasoning process 
is continued the water in the substance of the wood is also dried out 
and the strength then rapidly improves. The point at which the 
moisture in the fibres commences to dry out is known as the fibre- 
saturation point, and it is only after this point is reached, that the 
strength appreciably increases. When artificial means are employed for 
seasoning the timl^r practically all the moisture can be removed, and 
in the case of spruce the strength can be increased to four times that 
of the wood in the green state. When the timber is once more 
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exposed to the weather it reabsorbs some moisture, and the strength 
decreases unless the wood is subjected to some preserving process such 
as creosoting, in which the pores of the timber are completely filled 
with oily residues. Moisture is in this way effectually excluded, and 
the durability of the timber is greatly increased in exposed situations, 
as, for example, in the case of railway sleepers. Other preservatives are 
used in a similar way, and in some processes not only is the strength 
and durability of the timber improved at a reasonable cost, but the 
inflammability of the wood is at the same time reduced, while in other 
processes the use of a preserving liquid is entirely avoided. 

STONE 

Choice of Stone. — Stone as a building material is indispensable 
for the great majority of permanent engineering works, and when properly 
chosen to suit the climatic conditions it is the most durable and least 
expensive, so far as upkeep is concerned, of all the materials of construc- 
tion. Choice is, however, frequently limited to the stones quarried locally, 
as in many cases the cost of transport is serious. 

In choosing a stone for building purposes a careful examination should 
be made of the condition of surrounding buildings, as there still is no 
test of durability more certain than that of actual use. Even with all 
care the choice of a suitable quality of stone to suit a particular locality 
may not be fortunate, as in the case of the carefully selected Permian 
limestone used in the building of the new Houses of Parliament. The 
Permian limestone employed was a Dolomitic or Magnesian limestone, 
which later experience has shown to be unsuited to the present smoky 
atmosphere and the weather conditions of London. 

Classification of Stone. — From the point of view of the engineer 
stone may be best classified according to its geological formation rather 
than upon a chemical basis, as the composition of many of the rocks is 
very complicated, and in many cases gives little indication of their practical 
value. Rocks may therefore be broadly classified as: i. IciXEOUS, com- 
prising the rocks erupted in a fluid condition from the earth. 2. AQUEOUS 
or Sedimentary, comprising all those that have been deposited mechani- 
cally or frorn solution, or which have resulted from the decay of other 
materials. 3. MeTAMORFHIC rocks, which, as the name implies, have 
been produced as the result of the cilteration of the other formations under 
the action of heat or water. 

h'.NEOUS Rocks. — Of the igneous rocks Granite is the most im- 
portant and the most valuable for constructional purposes owing to its 
great hardness and the closeness of its crystalline structure. It is a 
crystalline granular mixture of silica, felspar, and mica, in which the silica, 
or, as it is better known, quartz, generally acts as the cementing material, 
binding the felspar and mica together. The proportion of silica varies from 
about 65 to 80 per cent, and in general the granites are very hard and tough 
and correspondingly difficult to work. They are particularly valuable for 
the building of piers or marine works where very large and sound blocks 
voL. VI . 112 
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are required. In all cases careful selection is necessary, as in some 
qualities of granite the felspar and also the mica are subject to rapid 
decay when exposed to the weather. Basalt, Wiiinstonk, and Gkkkn- 
STONES are not suitable for building purposes, not only on account of 
their extreme hardness, but also from the iusthetic point of view, as the 
appearance of these rocks is very dull. They are principally used for 
road making and paving. 

Sedimentary Rocks. — Sandstone is one of the most important 
of the sedimentary and at the same time one of the most variable of 
the stones. It largely consists of fine grains of quartz bound together 
by some cementing material, which may be iron, clay, lime, or silica. 
Ferruginous sandstones are readily recognizable by their characteristic 
red and yellow colours, and so far as appearance is concerned they arc 
very suitable for building purposes. The Devonian or Old Red Sand- 
stones, the Carboniferous and the Triassic or New Red Sandstones, are 
most frequently employed, but sandstones of a particularly hard though 
somewhat unfavourable colour are quarried from the Silurian formations. 

The Limestones arc sedimentary rocks formed in water by the 
accumulation of calcareous remains or by the precipitation of lime. They 
are mostly quarried from the Devonian, Carboniferous, Permian, and Oolitic 
formations. When crystalline they may be highly polished, and some 
of the limestone marbles are valued for decorative purposes. Permian 
Limestone or Dolomite contains magnesia, and has a close amorphous 
granular structure very different from some of the marbles. It is obtain- 
able in large blocks, and being easily worked it is extensively used for 
constructional purposes. As already mentioned it has been used in the 
Houses of Parliament, with, however, in this case, not wholly satisfactory 
results. 

Preservation of Stones.— All stone is more or less porous, and 
absorbs water^ which tends to make it deteriorate in exposed situations, 
and especially in city areas where the proportion of acid in the moisture 
of the atmosphere is considerable. Granite absorbs water in the proportion 
of 0*75 per cent of its bulk, while sandstone absorbs about lo per cent, 
limestone i.o per cent. Oolitic freestones 17 per cent, and slate i.o per cent. 
To some extent the decay of stone can be retarded by treating the surface 
with some siliceous compounds, or in certain cases with wax, which forms 
a protective coating within the pores of the stone; but their beneficial 
effect is not always certain. 


CEMENT 

Stone is an expensive material, especially when the cost of transport 
is considerable, and it is costly to work. Its weight also is considerable, 
and for many purposes where lightness and ease of handling are of 
importance other materials, such as brick and cement, must be adopted. 
Within recent years the use of cement reinforced with steel has rapidly 
extended for structures of every description, and especially for the con- 
struction of fireproof buildings. 
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Making of Cement, — Cement is now manufactured from many kinds 
of raw materials, but in the earlier days of the industry the principal 
ingredients were most frequently clay and chalk. Precise methods and 
highly developed machines are now adopted in place of the rough and 
somewhat primitive arrangements which were for many years considered 
sufficient, and as a result the composition of the product is kept within 
the very narrow limits required for consistent results. In the modem 
process the ingredients, which may be, for example, limestone and shale 
of various kinds, are carefully ground together in dry mills to the con- 
sistency of meal, and fed into rotary kilns which work continuously. Coal 
fuel in a finely powdered condition is blown in by means of a blast of air, 
and the clinker produced by the fusion of the limestone and shale is drawn 
off and ground.. As the fuel is burnt almost out of contact with the 
charge there is little danger of impurities such as the sulphur being carried 
over into the cement. Any loosely combined lime is slaked and rendered 
harmless by the addition, during grinding, of water, which also determines 
the time of setting of the cement. 



Fig. 54a— Reinforced Concrete Equivalent of a Steel H-section Girder 


Portland cement is lai^ely made from dry raw materials of the 
limestone and shale classes, but large quantities are also made by wet 
processes from chalk and clay. Blast-furnace slag mixed with limestone 
is also used by some makers. Roman cement is typical of the "natural” 
hydraulic cements made from natural raw materials which are burnt to* 
gether in correct proportions without previous intimate mixture. 

Composition of Cement. — ^There is at present no definite explana- 
tion of the chemical changes that take place in the hardening of cements, 
and the composition itself, so far as the e.ssentials are concerned, is also 
indefinite. In the case of Portland cement the principal constituent is 
supposed to be a solid solution of tricalcium aluminate in tricalcium 
silicate, known as alite. When water is added to this substance dissolution 
takes place,, and less soluble hydrates are formed in hard coherent 
crystalline masses. The explanation of the setting of cement is abased 
upon what is now known regarding the hardening of plaster of Paris, 
in. which dissolution is effected by the agency of a quantity of water smdl 
in comparison with the material dissolved and deposited. 

Ferro-concrete. — Within recent years the use, of cement has ex- 
tended for structures in which not only compression but also tension 
stresses require to be borne. In these cases the cement is reinforced 
with steel rods, so disposed in the body of the material as to take the 



92 


ENGINEERING 




MATERIALS OF CONSTRUCTION 


93 ' 


tension stresses, while the compression is borne by the cement There 
are now many systems which differ generally in the arrangement of the 
reinforcing bars, and a description of one typical method will sufficiently 
illustrate the principal features of such structures. In the Hennebique 
ferro-concrcte construction the equivalent of a steel H-.section girder would 
be composed of a top member of concrete of sufficient area to withstand 
the compression stre.ss, and of a lower member reinforced, as shown in 
fig. 540, with steel tension rods which take the tension stresses. A special 
treatment of the web is also necessary, as the concrete is not itself able to 



Fig. 543.— Ferro-concrete Bridge, Kahn Ssrstem. Lengdi of span, i s8 ft. - 

withstand the shearing forces to which it is there subjected. Stit^ps 
of hoop steel are bent around the tension bars, and carried upwards 
through the web. In the construction of concrete beams both straight 
and bent bars are used, and the arrangement is such that the bars and 
stirrups combined form triangular frameworks, which resist the tendency 
to deformation of the concrete under load. It is found that the concrete 
grips the metal surfaces, which do not require to be specially notched 
or roughened, and owing also to the practical equality of the coefficients 
of e.xpansion for steel and concrete there is little danger of the structure 
being severely strained even in the case of fire. This latter feature is 
of great importance in the construction of fireproof buildings. Experience 
has shown that the steel embedded in the concrete out of all contact 
with the atmosphere is free from oxidation, and that it is not subject 
to deterioration as in the case of ordinary structures. 
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The use of ferro-concrete is rapidly extending, and its industrial appli- 
cations are very varied. In fig. 541 is shown a typical ferro-concrete struc- 
ture built on the Hennebique sy3tem, and in this case ferro-concrete is used 
throughout, not only in the building, but also for the river jetty. Another 
example of a ferro-concrete foundation pile being placed in position pre- 
paratory to driving is shown in fig. 542. This great pile — 62 ft. long, 
16 in. by 16 in. section, and 8 tons weight — was used in the construction 
of the Waterford North Viaduct for the Great Southern and Western 
Railway (Ireland). Objections are sometimes raised to the use of concrete 
for certain public structures on aesthetic grounds; but although the appear- 
ance cannot equal that of a stone erection, many graceful bridges have 
already been built, and the compensating advantages are numerous. In 
fig. 543 is illustrated a bridge of 118 ft. clear span, built entirely of ferro- 
concrete on the Kahn reinforcing system. 

IRON AND STEEL, ETC 

Chemical Composition. — Iron and steel are, from the constructional 
point of view, the most important of all the metals, and their properties 
and manufacture will accordingly be first considered. Iron in the prac- 
tically pure condition is too soft and malleable for most purposes, and 
its value lies in its high magnetic permeability, which makes it very 
suitable for the magnetic -field portions of electrical instruments and 
machines. 

Malleable or wrought iron approaches closely in its properties 
to pure iron, but the use of wrought iron is being in many cases abandoned 
in favour of MILD STEEL. Commercial iron and steel are metallic mixtures 
or alloys of pure iron and of carbon, which exercises a wonderful effect 
on the physical properties of the product. Other metals are also used with 
remarkable results, especially considering the small proportion of the added 
metal; but the element which chiefly characterizes the steels of the present 
time is carbon in one or other of its many forms. Microscopic investi- 
gation has within comparatively recent times placed the whole question of 
the structure of the many varieties of steel and steel alloys upon a scientific 
basis, and the conditions determining such phenomena as hardening and 
tempering can now be determined with great precision. This subject will 
be referred to later, when dealing with the effects of slow and rapid varia- 
tions of temperature upon alloys of steel. Carbon combines very readily 
with iron, and it occurs in the iron either as free graphite or as combined 
carbon, Fe^C, which so far is the only carbide of iron definitely known to 
exist. 

Pig Iron. — In the manufacture of pig iron, from which steel and the 
steel alloys are ultimately derived, the iron ores, previously converted by 
calcination to the oxide form, are smelted in the blast furnace (fig. 544) 
with carbonaceous fuel and a flux of limestone. At the high temperature, 
which is maintained by an air blast, the ferric oxide is reduced by the 
chrhon of the fuel, with, as a result, the formation of metallic iron and CO2; 
but, owing to the rapidity with which iron and carbon combine, the iron 
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produced by the furnace contains as much as 4 per cent of carbon, together 
with silicon and such impurities as sulphur and phosphorus obtained froni 
the fuel and the ore. The presence of tnci silicon and of the carbon makes 
the pig iron very fluid at the smelting temperature, and it thus separates 



Fig. 544. — Blast Furnace for the Production of Pig Iron 


readily from the gangue or slag. To prevent, however, the formation of 
rich ferrous silicates, which are only reducible with difficulty, a flux of 
limestone is added to the charge, and more fusible silicates of lime and 
alumina are in consequence produced instead. For commercial purposes 
the iron is tapped from the furnace and cast in open sand moulds into the 
'well-known form of bars or pigs. It is, however, becoming more common 
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to cast large pieces of machinery directly at the blast furnace, a system 
that saves the expense of remelting the pigs in cupolas. 

There are two chief kinds of pig iron, the structures of which depend 
upon the percentage of carbon present and upon the condition in which it 
exists; but the presence of other substances modifies the physical pro- 
perties to a very considerable extent. In c;key CAST IRON the bulk of 
the carbon exists in a free -uncombined graphitic condition, and the flakes 
of black graphite can be readily detected at fractured surfaces. WHITE 
PIG IRON, on the other hand, has the bulk of its carbon in a combined 
condition, as carbide, FcgC. Between these extremes there is a variety of 
grades, as, for example, MOTTLED IRON, which consists of white iron with 
particles of grey iron throughout its bulk. White iron is harder and more 
brittle than grey iron, and, unlike grey iron, it becomes pasty when melted 
and is therefore unsuitable for foundry purposes where fluidity is essential. 
Grey iron may be conx'erted into white iron by sudden cooling, which 
makes a portion of the free graphitic carbon combine with the iron. A 
hard white iron skin may be thus obtained in castings of soft grey iron by 
pouring the molten metal into chilled moulds, as in the manufacture of 
chilled rolls. Various grades of iron, differing greatly in character, may 
be obtained by varying the proportions in which other constituents are 
present. Carbon in the free state tends to weaken the iron by forming 
layers between the crystals, and the strength is particularly affected when 
the flakes are large. 

Elements in Pig Iron. — Silicon plays a very important part in 
the constitution of cast iron. It directly tends, as in the case of carbon, 
to harden the metal, but indirectly it softens it to a much greater degree 
by preventing the combination of the carbon, which then appears in the 
soft graphitic .state. PHOSPHORUS very readily enters the iron from the 
fuel, and for many foundry purposes its presence in quantities of about 
I per cent is not objectionable, as it improves the fluidity of the metal. 
In larger quantities, however, it seriously affects the tensile strength. Pig 
iron for the production of steel .should be as free from phosphorus as 
possible, and in such casc.s materials free from phosphorus are' chosen 
for the charge. SULPHUR in very small quantities has a beneficial effect 
upon cast iron for foundry purposes, but for the manufacture of steel the 
pre.sence of 0.03 per cent of sulphur makes the metal unsuitable. MAN- 
GANESE, which is always present, tends in large quantities to make the 
iron brittle. Special manganese -iron alloys are, however, u.sed in the 
manufacture of steel, as the manganese allows the iron to take up a 
larger proportion of carbon. SpiegELEISEN, containing from 6 to 30 per 
cent of manganese, and FERRO- MANGANESE, containing 80 per cent of 
mangane.se, are regularly manufactured for the purpose. Silicon alloys of 
both iron and ferro-mangane.se are also specially manufactured. 

Wrought Iron. — Wrought iron, which is soft and malleable, contains 
about 99.5 per cent of iron, with about 0.2 per cent of carbon. It is diffi- 
cult to draw a definite line of demarcation between wrought iron and mild 
qualities of steel, but the latter may be considered as having more than 
i per cent of carbon. In the manufacture of wrought iron from pig iron 
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the pigs are remelted in a puddling furnace, which is generally fired by 
means of gas and maintained at a temperature sufficient to melt the pig 
iron but not the decarbonized metal, the melting-point of which increases 
as it becomes more like pure iron. As the iron under the decarbonizing 
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545<~’AiTangenient of Bessemer Steel Plant 

action of the oxygen of the flux becomes purer it also becomes more 
plastic, and in this condition it is gathered into spongy, semiplastic masses 
which contain a certain proportion of liquid slag. Each mass is therefore 
composed of a large number of globules of iron surrounded by a thin 
layer of slag, which is largely expelled during the subsequent hammering 
>and squeezing to which it is subjected. While still hot the hammered balls 
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are rolled out into rough bars, and after reheating are subjected to further 
rolling, which welds the globules of iron together, and at the same time, 
by elongating them, produces the characteristic fibrous structure of wrought 
iron. 

Commercial malleable iron produced in this way contains about 99.5 
per cent of pure iron, with about 0.2 per cent of carbon and 0.1 per cent 
of silicon with traces of other impurities. It becomes plastic at a red 
heat, and can then be readily welded ; but its melting-point is as high as 
2800“ F., the melting-point of pig iron being 2100° F. and that of steel 
about 2500° F. 

Steel. — Steel contains smaller proportions of carbon than does cast 
iron and a larger percentage than wrought iron, and it may be produced 
either by eliminating some of the carbon of the former or by adding carbon 
in sufficient quantity to the latter. Cast iron can be reduced to steel by 
two processes, either by means of the Bessemer converter or in the open 
hearth furnace, while wrought iron can be carbonized to form steel by the 
cementation and crucible processes. 

Bessemer Steel. — In the Bessemer process the molten- cast iron is 
poured into the converter, which, as shown in the section (fig. 545), is a 
large pear-shaped vessel lined with some refractory material and supported 
upon hollow trunnions through which an air blast passes towards the 
bottom of the vessel and thence up through the molten metal. In this 
way the carbon is completely burned out of the iron. When all the 
carbon is burned out, the metal in the converter resembles wrought iron, 
with the exception that it does not contain slag throughout its mass, and 
is therefore more homogeneous. It should be noted that the converter is 
rotated about its trunnions into a horizontal position before the air blast 
is turned off or on, and that in the vertical position the pressure of the 
blast is sufficient to prevent the metal from flowing down into the blast 
tuyeres. After the blowing process, when the carbon is burned out of the 
metal, the converter is turned into the horizontal position and the blast 
turned off. Spiegeleisen and ferro-manganese, which, as already stated, are 
special alloys rich in carbon and manganese, are added in sufficient quan- 
tities to give the converter charge the correct proportions of carbon and 
mangane.se required for the particular brand of steel being manufactured. 

Thomas-Gilchkist Process. — Iron as free as possible from sulphur 
or phosphorus is best suited for use in the acid Bessemer converter, which 
is lined with refractory clay. Phosphoric irons may, however, be success- 
fully converted by means of the Thomas and Gilchrist basic process, in 
which the converter is provided with a basic lining of dolomitic limestone 
and a suitable cementing substance. 

Siemens-Martin or Open-iieartii Process. — It is difficult under 
any conditions to eliminate all the phosphorus, and recently the use of the 
Bessemer process has been laigely discontinued in favour of the Siemens- 
Martin open-hearth process, from which very uniform results are obtain- 
able. 

The furnaces used in this process are similar to those adopted in the 
manufacture of wrought iron, but they are frequently of very large capacity. 
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Gas and air are passed through regenerators (fig. 546) underneath the fur- 
nace, in which they are heated to a high temperature before being brought 
together in the furnace, where combustion takes place, and two sets of 
r^enerator chambers are employed, the one set being heated by the 
burned gases as they e.scape, while the other gives up its heat to the in- 
coming air and gas. By heating the gases in this way a temperature is 
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Fig. 546.— Open-hearth Steel Furnace with Regeneratora 


maintained sufficiently high to keep the decarbonized iron in a fluid con- 
dition preparatoty to the introduction of the Spiegeleisen or ferro-man- 
ganese; and there is the. further advantage of economy of fuel. As in 
the Bessemer converter, both acid and basic linings are employed, the 
latter being used when the charge contains phosphorus. When the pro- 
portion of phosphorus is considerable, burnt lime is also added to the 
'Charge, as the slag produced absorbs the phosphorus and other impurities. 
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Crucible or Cast Steei In the cementation process for the pro- 

duction of crucible or, as it is sometimes called, cast steel the wrought iron 
in the form of small bars is packed into hermetically closed crucibles which 
contain powdered charcoal. The crucibles are then placed in furnaces and 
maintained at a cherry-red heat for several daj's, during which period the 
iron absorbs as much as per cent of the carbon. At the conclusion of 
the cementation process the carbonized bars, known as blister steel, are 
remelted and cast into the desired .shapes. In the more recent proces.ses 
the wrought iron is actually melted down in the air-tight crucibles, as the 
cementation action is then more rapid. A somewhat similar process is 
adopted for case-hardening the working surfaces of mild .steel or wrought- 
iron pieces, and the reverse process is commonly adopted in the manu- 
facture of malleable casting.s. The brittle castings, in the latter in.stance, 
are packed into crucibles and covered with oxide of iron, which, at the 
temperature of the furnace, abstracts some of the carbon and leaves 
the castings in a malleable condition. 

Microscopic Study ok Iron and Steel. — Microscopic examination 
of the polished surfaces of metals, etched and stained according to circum- 
stances, has led within recent years to an extensive knowledge of the 
constitution of metals and alloys when produced under various circum- 
stances. When a mixture or alloy of different metals cools from a fluid 
state the substances of higher melting-point solidify first, and are sur- 
rounded by the substances which solidify later; but physical changes 
continue to take place even after solidification, and it is in the determina- 
tion of these changes that the microscope has proved itself so valuable. 
By chemical analysis the constituent elements can be determined both 
quantitatively and qualitatively, and by means of the microscope the 
conditions under which they exist can be observed. When steel con- 
taining- about 0.89 per cent of carbon is allowed to cool slowly, the 

structure becomes banded after solidification, and under the microscope 
it appears to be composed of fine layers of FERRITE, or pure iron, and 
carbide of iron, F^C, known as CEMENTITE. Ferrite and cementite occur- 
ring in this way are..called PEARLITE, from the characteristic appearance, 
which was first noticed by Dr. Sorby. When the percentage of carbon 
exceeds 0.89 the proportion of ferrite decreases and free cementite, apart 
from the cementite in the pearlite, takes its place. In the cementation 
process of making tool steel described above these conditions prevail, 
and the hardness of the steel produced is largely due to the pre.sence 
of the free carbide of iron, which is an extremely hard substance. 

To a latge extent the structure is determined by the rate of cooling, 

and when the mass is suddenly quenched, such substances as har- 
denite and Martensite, which are probably solid solutions of carbon, 
and the carbide of iron in ferrite, make their appearance. When steel, 
therefore, is allowed to cool naturally in air, it is composed largely of 
pearlite, with ferrite and free cementite in proportions depending upon 
the proportion of carbon in the steel. When, however, the steel is 
quenched from the hot condition, as in the hardening process. Martensite 
with or without a proportion of cementite, takes the place of the pearlite 
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and fcrriter According to tho allotropic theory, the changes that take 
place are explained by assuming that iron is capable of existing in three 
allotropic forms, known as alpha, beta, and gamma iron, the alpha iron 
being stable below 690® C. and the gamma above 800® C. This theory 
explains all the phenomena of hardening, tempering, and annealing, and 
it is very generally used when describing the changes that take place. 
When pure iron is allowed to cool there are three points at which the rate 
of the fall of the temperature diminishes while the iron changes from the 
one condition to the other, and the positions of these points on the tem- 
perature curve may be modified by the addition of some other substance, 
such as nickel, chromium, vanadium, and aluminium, which tend to pre- 
vent segregation and exercise a considerable influence on the homogeneity 
and closeness of grain of the steel. A series of micrographs of steel, 
reproduced from Professor Robert- Austen’s book. An Introduction to the 
Study of Metallurgy^ is shown in the Plate. The central specimen shows 
the structure of the original forged blister steel. After being heated to 
1000® C., and then worked and slowly cooled, the mass is largely com- 
posed of pearlite, as indicated by Sample 1. No. 2 shows the condition 
after heating to 850® C. and quickly cooling in air; and No. 3 shows the 
effect of cooling in water instead of air, with the consequent production of 
Martensite. No. 4 shows the effect of cooling in brine after heating to 
a high temperature, and No. 5 is the result of still further cooling in iced 
brine. In No. 6 the metal has been quenched from a temperature near 
the melting-point, and in this example the metal is burnt and useless for 
practical purposes. No. 7 shows the effects of annealing and the produc- 
tion of cementite with pearlite, while No. 8 shows the return to practically 
the original condition by heating to 850® C. any of the specimens except 
the burned one. No. 6, and allowing it to cool after working it. 

Two micrographs of bronze, one treated by the Willans and Robinson 
Eatonia ” process of casting and the other cast in sand in the ordinary 
way, are also illustrated in the Plate, to show the effect of cooling metals 
at certain temperatures. By the Willans process of casting, the metals of 
the alloy are prevented from segregating, and the structure is much more 
homogeneous and compact, and therefore more suitable for the construc- 
tion of bearings, pump rods, and similar purposes. 

Aluminium. — Aluminium has become an essential material for many 
industrial purposes, and the production has grown enormously with the 
increased demand. It is largely used as an alloying material in the 
manufacture of steel and aluminium bronzes, and for some time its use 
was extensive in the manufacture of motor-car gear-box and cylinder 
casings, where lightness is of importance. When alloyed with a small 
proportion of magnesium its properties are in all resfjects improved, and 
Magnalium, as the alloy is called, is preferred to commercial aluminium. 
Duralumin is an aluminium alloy possessing great strength and ductility. 
Its constitution has not been published, but the tensile strength of the 
alloy depends upon the mechanical treatment to which it is subjected in 
the process of manufacture. It is supplied in the form of rolled plates and 
' rods, and when cast the metal loses its excellent properties. 
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CHAPTER IX 
LOCOMOTIVES 

Transport. — A very large proportion of the total power produced 
throughout the world is utilized in the transport of passengers and 
materials from one place to another both by land and sea. In the case 
of marine propulsion the potver required is particularly great, especially 
for high speeds, as the resistance due to the friction of the water upon 
the skin of the ship increases rapidly with the speed. Thus, for example, 
the Lusitania^ which has a displacement of about 38,000 tons, requires a 
power of about 68,000 h.p. to maintain a speed of 25 knots, whereas the 
old Great Eastern^ which displaced over 32,000 tons, required only 12,000 
h.p. to maintain a speed of 13 to 14 knots. On land the conditions are 

very different, and such large 
units are seldom required even 
in the largest city power stations, 
which have rarely a total capacity 
of more than 40,000 h.p. 

Upon land the bulk of the 
heavy freight and fast passenger 
traffic is now confined to the 
railways, but for small dis- 
tances, especially in city areas, 
the use of tramways on the 

Fig. 547- —The Handcock Steam Carriage public thorOUghfareS haS enor- 

mously increased within recent 
years. Motor vehicles and steam tractors, which do not require any form 
of permanent way, and are therefore not limited to definite routes, have 
also come into very general use, but their adoption upon any universal scale 
will largely be determined by the future improvement of the roadways. 

Steam Carriages. — Before the introduction of the locomotive,vwhich 
has so greatly influenced the progress of civilization, the passenger and 
general traffic was in the hands of powerful coach owners, who ran horse- 
driven coaches in stages between the widely separated towns of the 
country, and it was the opposition of these owners and of the trustees 
of public roads that blocked the introduction of steam carriages, which, 
it was thought, would completely supersede the highly developed coach- 
ing systems. Although it is certain that, with encouragement, the steam 
carriage would have been brought to a condition of some perfection, its 
failure was partly due to mechanical defects and to the unsuitability of 
the roads. For several weeks in the year 1831 the Handcock steam 
CARRIAGE (fig. 547 ) was run between Paddington and the Bank of Eng- 
land; but the frequent necessity for repairs ended in the abandonment 
of the scheme. It is known that JameSi Watt devoted some attention 
to the substitution of steam for horse power on the public roads, but he 
does not appear to have made any definite proposals, and it is to 
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Figi I. Sections i to 8 illustrate some alte^ons of structum 
produced in the centrd specimen of Forged Blister Steel by 
variation of.the thermal treatment. 


Fig. .2. Micro-Secticu of Cast Phosphor Bronie alloy having 
an ultimate tensile strength of 13 tons , per sq. inch. 


Fig. 3. Micro-Section of the same Phosphor Bronze alloy treated 
by the ** Eatonia ” process. The structure is finer, and the ultimate 
strength is increased to ai tons per sq. inch^ but the percentage 
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Murdoch, an engineer in the 'emplpyment of . Boulton & W^t, of Bir* 

• mingham, that ^ the ^creejit' of first applying, steam in thfe way ts di^, 
although the carriage which he constructed in 1784 was only a nio«l. 
Among the early engineers whose names are associated with the intro- 
duction of steam carriages may be mentioned Gurney, BirSTAL, Trevi- 
thick, HanDcock, and Mascheroni. Gurney’s vehicle, which was one 
of the first placed in actual service, completed several very successful 
journeys, but its progress was arrested by the trustees of the highways, 
who feared the destruction of their roads, and who adopted question- 
able means of effecting their purpose. In 1831 a parliamentary com- 
mittee reported very favourably upon the introduction of steam carriages, 
and. recommended some limitation of the excessive tolls that had been- 
imposed upon them; but some progress had already been made in the 
introduction of railways, which, it was seen, could' be introduced with less 
opposition and more hope of success. 

Early Locomotives.— In 1804 Trevithick and Vivian constructed 
a locomotive which was employed for hauling coal upon the Merthyr 
Tydvil Colliery railway in South Wales. This engine of Trevithick 
resembled Murdoch's model in some respects, but it introduced a return 
•flue through the boiler, and to this feature was largely due its success. 
Later attempts by other engineers, who failed to realize the value of 
carrying the hot furnace gases through the boiler, were quite unsuccessful. 
Although the Merthyr Tydvil railway was the first upon which locomo- 
tives were employed, it was never used as a passenger line, and althooigh 
locomotive steam carriages were introduced by George STEPHENSON, 
in 1825, on the Stockton and Darlington railway, the first passenger 
railway chartered by Act of Parliament was the Liverpool and Man- 
chester railway. Before determining the traction system to be adopted 
upon the line, the directors offered a prize of ;£’500 for the engine which 
would best fulfil certain conditions of weight, price, and power, and also 
stipulated that the engine “was to consume its own smoke, and to be 
able to draw three times its own weight at a speed of 10 miles an hour”. 

Of the five locomotives which were entered, the “Rocket”, constructed by 
Booth and Stephenson, alone satisfied all the requirements, and to them 
the prize was accordingly awarded. The great success of this locomotive 
was undoubtedly due to the large heating surface, obtained by introducing 
fire tubes, which at the present day are an essential feature of all locomotive 
boilers. 

Railway Gauges. — Railway engineers are severely handicapped at 
the present day by the smallness of the gauge, which was chosen in the 
early days as being the width between the wheels of the carts then in 
use, and was later retained on the score of cheapness. It is now practi- 
cally impossible to convert to a broader gauge than 4 ft. 8J in., which 
would permit of an increase in the powers of locomotives and give greater 
freedom in their design and in the design of the rolling stock. Prior to 
1872, and at intermittent periods thereafter, the relative merits of broad 
and narrow gauges were the subject of much controversy, but, excepting 
m the case of the Great Western Railway, which adopted and used for a 




!■ ig. 548. — Locomotive Boiler HongitiidinaT isection^ 
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considerable time a 7-ft. line, the narrow-gauge railways rapidly extended 
over the whole country, with the result that it is now very difficult to 
design single locomptiv^ sufficiently powerful to draw the present-day 
'■heavy train loads at the desired high speeds. 

The Boiler. — W hatever the type of a steam locomotive it may he 
considered as comprising three essential parts, 'namely, the frame wh^^ 
rests uppn the wheels and 
traiismits ' to them the 
whole weight; the engine 
aiid motions carried 
directly on the frame; and 
the boiler, supported upon 
it with some flexibility to 
permit of longitudinal ex- 
pansion. This arrange- 
ment of CcU-rying all the 
working parts upon strong 
side frames relieves the 
boiler from any severe 
external stresses, to which 
it would otherwise be sub- 
jected, As the capacity 
of the boiler really deter- 
mines the power of the 
eng^ine, this portion will 
first be dealt with. From 
the illustration, fig. 548, it 
will be seen that the boiler 
consists of a cylindrical 
shell, connected at one end 
to the firebox, in which 
the combustion of the fuel 
takes place, and at the 
other end to the smoke- 
box, upon the top of which 
is placed the funnel. A 
laige number of tubes 
traverse the water space 
of the shell from the fire- pjg j^_Crampt<m Firebox (cron lectioii) 

box to the smokebox, and 

as the hot gases pass away throi^h them to the chimney, they constitute 
a valuable extension of the heating surface. Behind the firebox is placed 
the platform from which the furnace is stoked and the engine controlled, 
and at the present time one engine driver and one stoker only are 
generally employed upon the engine footplate. 

The firebox consists of an inner rectangular box of copper or steel, 
with the grate bars at the bottom, and surrounded on the sides and 
'top by a water space, which is the most effective part of the boiler. As 
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the pressure'.' is gjenerally as much as 175 lb. per square inch, it is necessary 
tcf stay fhe. flat sides of the inner box to the strong sieves of the outer, as 
shown in the iIlustr<ation, and particular care is necessary in supporting 
the flat roof to prevent all danger of collapse. In the Belpaire arrange- 
ment, shown in section in fig 548,' the top of the boiler shell is also flat, 
and the roof of the firebox is directly suspended from it by tiebars, jointed, 
in the ca.se of the first few rows, to reduce the rigidity, which is one defect 
of the system as compared with the older Cramptqn firebox, -fig. 549, in 
which the flat roof of the inher box is suspended from roof bars or l^arers 
resting at their extremities upon the front and back plates. These bearers 
are necessary, owing to trie difficulty of directly suspending the. roof from 
the outer boiler shell, which is curved at the top instead of flat. The 
Belpaire arrangement provides a larger water space where mo.st required, 
directly over the fire, and the circulation is not greatly obstructed. 



Fig. 55a— Cylinder and Slide-valve Arrangement. The valve is shown without laps or lead 


When the nature of the fuel necessitates a very large grate area, as in 
certain American engines which bum wood; the grate is extended over 
the frames instead of being carried between them. Boxes of this kind 
are known as the Wooten type. Smoke tubes serve the double purpose 
of carrying the gases to the criimney and of greatly increasing the heating 
surface and, therefore, the steaming capacity of the boiler, but there is a 
limit to the number that can be used in any particular case, because by 
decreasing the diameters and increasing the number of the tubes there 
is danger of seriously affecting the draught and of making the water 
spaces so small that they become choked with sediment. Upon the 
careful arrangement of the smokebox depends to a considerable extent 
the 'steaming power of the locomotive. It provides some protection for 
.steam pipes wriich pass through it to the cylinders underneath, and it also 
prevents the ejection of hot ashes from the funnel under the action of the 
strong blast induced by the exhaust steam in its passage through the 
conical blast pipes into the funnel. Baffie plates are generally provided 
to ensure that the gases will be drawn equally through all the tubes. 

Action of the 'Valve Gear. — Before describing the various 
arrangements of cylinders adopted, the .action of the engine and of the 
valve gear, or “ motion ’* as it is called, must be again briefly considered. 
In figs. 550 and 551 are shown the elements of a steam engine, in which 
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for simplicity the essential parts only are indicated. O A is the engine 
crank alid OB the /:rank equivalent of the valve eccentric, which in reality 
is keyed upon the main crank shaft, the point o being therefore common 
to both. It will be seen from fig. 550 that rotation in the direction, of the 
arrow will cause the valve to admit steam from the valve chest to the right 
side of the piston p, and that the engine will continue to move in the 
same direction; whereas, any attempt to rotate the crank in the reverse 



Fig. 551.— Cylinder and Slide<valve Arrangement. The valve is shown without laps or lead 


direction would admit steam to the other face of the piston and prjBvent the 
backward motion, which could only take place under the conditions, illusr 
trated in fig. 551. To obtain a continuous motion of the engine in one 
direction or the other, it is thus nece.ssary to place the valve eccentric about 
90 degrees in advance of the engine crank, and to reverse the motion the 
eccentric therefore must be displaced about 180 degrees, as shown in 
the two illustrations. In the Howe valve gear, generally known as 
the Stephenson link motion, two eccentrics. A and B, arc keyed to 



the shaft in positions about 180 degrees apart, and either one or other 
is made to control the valve when it is desired to make the engine run 
forwards or backwards, as the case may be. This is effected, as illustrated 
in fig. 552, by coupling the eccentrics to the ends of a link E, which engages 
the end of the valve spindle. By lowering the link, one of the eccentric 
rods is brought into line with the valve and alone affects its motion, as the 
only effect of the other eccentric is to idly swing the link. Similarly, by 
'raising the link the other eccentric is brought into operation, and the engine 
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is caused to run in the opposite direction. When the link is moved into 
the mid position the motion of the one eccentric neutralizes that of the 
other, and as the valve is not moved, and no steam is therefore admitted 
to the cylinder, the engine remains stationaiy. In intermediate forward 
or reverse positions the movement of the valve or the point of cut-off is 
correspondingly affected, and the engine works more or less expansively, 
which means greater economy of working, although the actual power 
developed is less. Referring again to the diagram, fig. 550, it will be 
seen that the slightest displacement of the valve admits steam to the 
cylinder, and that the expansive force of the steam is not used as the 
steam enters throughout the stroke. To overcome this objection the outer 
edges of the valve faces are extended so as to overlap the steam ports. 
Steam is thus admitted during a portion only of the full travel of the 
valve, but it is further necessary to set the eccentric more than 90 degrees 



Fig. 553. — Waliichaert Valve Motion 


in advance of the crank, so that the valve will commence to open just 
as the piston comes to the end of its stroke. , In practice the terms “lap” 
and “lead” are used to denote the extension of the valve face and the 
advanced po.sition of the eccentric The inside exhaust edges are also 
frequently extended to entrap a portion of the exhaust, which becomes 
compressed to the pressure of the entering live steam and also assists in 
eliminating shock at the reversal of the motion of the piston. Ah objec- 
tion to the Stephenson link motion -is that the lead and lap effects are 
not constant for all positions of the link, and other arrangements have 
been extensively adopted, in which one part of the gear alone controls 
the travel of the valve, while the other controls the lap effects. The Joy, 
Hackworth, and Walschaert radial gears are all of this type. The Wal- 
schaert gear (fig. 553) is very extensively used on the Continent, and its 
use in this countty is also becoming more general. 

Cylinder Arrangements.— O wing to the limited width between 
the engine frames, which is determined by the railway gauge of 4 ft. in^ 
adopted in this country, it is difficult in the case of powerful locomotives 
to find sufficient room between the frames for two large-diameter cylinders 
with their valves and gear; and in such cases the number of cylinders 
is increased, some being arranged outside the frames and one or two 
between them. There is the one objection to outside cylinders, that they 
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cannot be so readily protected from cold air which causes loss through 
condensation of the steam; but on the other hand, when outside cylinders 
alone are used, the comparativiely weak cranked -axle arrangement can 
be dispensed with, as the connecting rods then drive the wheels directly. 
Among locomotive engineers there has been much discussion as to the 
value of compound expansion, which is greatly favoured on the Continent 
and in America, but not so generally in this country, although it has strong 
advocates. Much apparently depends upon the conditions of working, 
which vary considerably. Thus, for example, American locomotives are 
called upon to haul heavy loads over long distances, and these uniform 
and continuous conditions seem to be well satisfied by the use of heavy, 
four-cylinder, compound expansion engines. 

Types of Locomotives. — The arrangement and the size of the 
locomotive wheels largely determine its suitabiKty for a particular service. 



Fig. 554.— Eight'coupled Locomotive for Heavy Goods Traiiic 


because, since the power is practically limited by the gauge and by the 
headroom under the tunnels and bridges, an increase of tractive force 
can only be obtained at the expense of the speed by reducing the wheel 
diameter. By comparing the two illustrations of the heavy goods engine, 
fig. 554, and the express passenger locomotive, fig. 555, the characteristic 
difference of wheel diameter will be clearly seen. To obtain the necessary 
adhesion upon the rails several pairs of wheels are coupled . together in 
order to utilize the whole weight of the engine, which could not be 
distributed or carried upon one driving axle. As the most characteristic 
features of a locomotive are the arrangement and the number of its wheels, 
upon these are based the several classification systems in common use. 
^n America the different types have for some time been known by par- 
ticular names, conveying in themselves no definite information regarding 
the construction; thus, for example, the “Atlantic” type of locomotive, 
fig. 555, has a leading four-wheel truck followed by two pairs of coupled 
driving wheels, and at the rear a single radial trailing axle, and in the 
“Columbia” a single radial axle is substituted for the leading truck. 
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Hiese names are still generally employed, but recently there has been- 
Adopted a numerical notation which specifies not only the number of the 
coupled and the carrying wheels, but also their arrangement Three 
numerals are employed, the first of which shows the number of leading 
carrying wheels, while the second shows the number of coupled drivers, and 
the third figure the number of trailing carrying wheels. A locomotive 



Fig. 555.— Four>coupled Locomotive for Express Passenger Traflic 


of the Atlantic type tvould be represented by the numbers 4-4-2, and 
the Columbia by the numbers 2-4-2. In the case of the Mogul typo, which 
has one leading pair of wheels and three pairs of coupled drivers but no 
trailing wheels, the numerical notation would be 2-6-0, Upon the Con- 
tinent a similar system is occasionally used, but it only gives an indication 
of the number of coupled axles and the total number of axles. Thus, 



Fig. 556.— Great Western Railway Company Express Passenger Locomotive 


instead of the notation 4-4-2, which represents the “Atlantic” type, the 
numbers 2-5 would be employed upon the Continental system, indicating 
an engine having two coupled axles and a total of five driving and 
carrying axles. 

Several examples of typical locomotives are illustrated in figs. 554, 555, 
556, SS7. The first example shows an eight-coupled, 2-8-0, “Consoli- 
dation”, goods locomotive built for the Anatolian Railway service, and 
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althoui^ the engine ia of Continentid ntanu&cture it has the neat exjteipt^, 
appearance which has long been a feature of British locomotives. Outnde 
cylinders have been adopted with the valves and motion arranged between 
the frames, and the steam is expanded on the compound system so greatly 
favoured abroad. In fig. 556 is illustrated an express passenger locomotive 
of the Great Western Railway Company. It has a leading truck and six 



557.— Articulated Locomotive 


coupled drivers, and it may therefore be described by the numerals 4-6^ 
This type of locomotive has an extended smokebox and a tapered boiler, 
which increases in diameter towards the Belpaire firebox. In fig. 557 is 
shown an articulated locomotive, built by Messrs. Borsig, of Berlin, for 
the Great Northern Railway of the Argentine Republic. It will be .seen 
that the front of the boiler rests upon a separate frame of the 2-4-0 type, 



Fig. 558.— Shay Heavy Goods Locomotive 


and that the two portions of the articulated frame are driven each by. 
its own set of compound cylinders. Some reference has already been made 
to the complicated appearance of the Walschaert valve motion, which is 
noticeable in this particular example. In the direct-connected type of 
locomotive the wheels are driven by means of bevel gearing directly from 
the engine shaft, and in the case of the Shay locomotive, built by the Lima 
Locomotive Company of Ohio, America, the engines are attached in a 
vertical position at the sides of the boiler, as shown in fig. 558. 

Electric Locomotives. — Electric locomotives have been introduced 
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upon certain local sections of the railway systems in this country, and 
the electrification of other portions is proceeding, although it is still by 
no means certain that the economy obtained is sufficient in all cases to 
warrant the heavy expenditure involved in the* conversion, to the newer 
system. 

The first electric railway (fig. 559) was installed by Siemens & Halske 
at the Berlin Exhibition of 1879, but the real commercial developments 
have all taken place within the twentieth century. In 1899 a series of 
very interesting experiments was undertaken by two German electrical 
firms, Messrs. Siemens & Halske and the Allgemeine Elektricitats- 






Fis* 559* -"The First Electric Passenger Railway, Berlin Exhibition, 1879 


Gesellschaft of Berlin, for the purpose of determining the conditions 
under which very high train speeds might be attained and the best design 
of the plant. The experiments were carried out upon a comparatively 
straight military line of 23 km. length, between Marienfelde and Zossen 
in the neighbourhood of Berlin. 

A straight portion of the special track is illustrated in fig. 560, which 
also shows the three lines of overhead wires used for the transmission of 
the three-phase currents employed. . Each of the two firms concerned 
constructed cars which, during the latter, tests, were run alternately. In 
the case of the Siemens and Halske car two sets of triple collectors, 
one collector for each phase,' were carried upon masts at the ends of 
the car as shown in fig. 561, and in the A. E. G. (Allegemeine Elek- 
tricit&ts-Gesellschaft) design two sets were also provided; but they were 
carried separately each upon its own Spindle (fig. 562). Both arrange- 
ments gave complete satisfaction, and proved the possibility of picking 
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up the. current from trolley wires, even at the highest attainable speeds. 
During the trials run in the autumn of 1901 speeds as high as ninety-three 
miles per hour were frequently maintained, but owing to the excessive 
oscillations and shocks experienced it was thought advisable to rebuild 
the track before continuing the tests at higher speeds. Towards the 
end of 1902 the trials were continued on the new permanent way, and 



Fig. 560.— Portion of the Berlin-Zossen Experimental Track 


the very high speed of 130 miles was attained on one section of the 
line. 

These experigieirts give some indication of what may be done in the 
future, when the conditions permit of the general introduction of high- 
speed electric railway-s. Many of the railroads which were first converted 
to electric traction vvere supplied with three-phase current, as in the case 
of the later Berlin-Zossen experimental line, but single-phase installations 
are now very generally favoured in America and throughout the Continent, 
and many of the most recent railroad installations are of this type. In 
,the case of three-phase systems a very complicated and expensive trolley 
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Figt 561.— The Siemens & Halske Experimental Our 


line is required, as will be seen from the examples gi\’en of the Berlin- 
Zossen line, and for these and other reasons it is probable that the 



Fig. 56a.— The A. E. G. Experimental Car 
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single -phase line will come still more into favour for railroad -traction 
purposes. 

A typical electric locomotive, built by Messrs. Siemens and Halske, 
for the Berlin-Zossen Railway, is illustrated in fig. 563. As has been 
already mentioned this experimental line is supplied with three-phase 
alternating current, the pressure being 10,000 volts. The locomotive 
illustrated is equipped with two motors of 350 e.h,p., the total power 
being 700 e.h.p. . It will be seen that, compared with a steam locomotive, 
the question of design is a simple one. The two trucks are arranged 



Fig. 563.~£lectric Locomotive of 700 e.h.p. 


symmetrically, and each axle carries an equal portion of the weight, 
which is thus evenly distributed over the rails. 

Local Railways. — The system of railway communication which has 
become universal provides a rapid and convenient means of transport 
between the principal centres of the country; but, owing to the expensive 
character of the track, and to the impossibility of carrying the lines wher- 
ever desired, some more flexible network of communications is necessary 
to collect the traffic and to form a connection with the main lines. In the 
case of a city, therefore, the secondary communications take the form of 
local lines, which deal with local and suburban railway traffic, and of street 
tramways, which pick up passengers at all parts of the routes along which 
the lines are laid. 

Suburban traffic is generally of a light nature, and as the stoppages are 
frequent a specially light type of locomotive is employed. In this way the 
time occupied in stopping and accelerating the train after each stoppage 



is reduced, and the 
efficiency of the ser- 
vice is thereby im- 
proved. Until within 
recent }’ears each 
suburban train was 
composed of a number 
of coaches, the weijjht 
of whicli was very 
considerable com- 
pared with tlie weijjht 
of the traffic carried, 
especially at slack 
periods of the day; 
but upon many of the 
local lines throughout 
the country it is now 
customary to run 
single cars at more 
frequent intervals to 
meet the require- 
ments of the service. 

One such car is 
illustrated in fig. 564, 
from which it will be 
seen that the car is 
rigidly attached to 
the locomotive, the 
necessary flexibility of 
the wheel base being 
obtained by support- 
ing the rear end of 
the car upon a truck 
permitting of a con- 
siderable side motion 
of the car body. Upon 
the lines that have 
been electrified, elec- 
tric motor cars of a 
similar character are 
also very generally 
employed, and as the 
competition of the 
street tramways con- 
tinues to increase it 
is probable that the 
use of such cars will 
be further extended. 
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CHAPTER X 

# ^ 

TRAMWAYS AND MONO-RAILS 

STREET TRAMWAYS 

Horse Tramways. — Street tramways for passenger traffic have the 
great advantage that by running directly through the thoroughfares they 
carry the passengers nearer to their destination, whereas the local railway 
only conveys them to a comparatively limited number of stations; but, on 
the other hand, the frequent stoppages and the necessarily slow speed are 
against the tramway as compared with the local railway when the service 
upon the latter is maintained under good conditions. Very many systems 
of tramways have been, and still are, in use at the present time, but horse 
traction, the earliest of all the systems, may now be considered as entirely 
obsolete. So far as the track and the equipment are concerned, the horse 
system is the cheapest; but the cost of working is high, and the speed is 
limited to at the most 5 or 6 miles in the suburbs. Under these condi- 
tions the horse car cannot successfully compete with local railway systems. 
Afjart from the humanitarian aspect of the question, the removal of the 
horses from the streets has resulted in a considerable economy in the 
cleansing of the tracks, with an improvement of the sanitary conditions. 

Steam and Gas Tramways. — S team traction can be readily sub- 
stituted for horse traction without any costly alteration of the permanent 
way, and without the installation of new plant other than the locomotives 
and new rolling stock. Steam cars arc, however, objectionable on account 
of the noise, and of the smoke and steam emitted, although by the adop- 
tion of condensers the latter objections may to some extent be overcome. 

Before the introduction of electric traction, steam tramways were fre- 
qently installed; but few examples now remain, and it is doubtful if the 
system is capable of being sufficiently improved to enable it to compete 
with the very convenient systems of electric traction now in general use. 

Gas-driven cars have also in the past been installed in several districts 
where the price of gas is moderate, but the disadvantages are too numerous 
to permit of their general use. To any form of street locomotive, whether 
steam, gas, or oil, there are objections on the score of disagreeable noise and 
smell, and electrical systems are preferable from every point of view. 

Cable Tramways. — C able traction involves a very special form of 
track, and it is therefore costly to convert an ordinary existing track. 
Between the rails there is placed an underground conduit through which 
the cable runs continuously, suitable grooveef pulleys being provided to 
carry the cable and to guide it around curves. From the bpttom of the 
car there projects into the conduit through the surface slot a grip, the jim 
of which can be made to grip the cable by means of a handwheel pla^ 
within the control of the driver. By loosening the grip the jaws are caused 
to release the cable, and the car can then be stopp^ or allowed to run 
freely; and when the jaws are closed the car is hauled at the speed of the 
cable, which is definite and cannot be readily changed without the general 
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introduction of auxiliary cables. This fixed maximum speed is one ob- 
jection to the system, especially on city and suburban routes, where the low 
speed necessary in the crowded thoroughfares is inconveniently low for the 
outlying districts. • For continuous circular routes with few crossings the 
system is a very economical one, and the suitability of the arrangement 
under such simple conditions has been well proved in the case of the 
Brooklyn Bridge cable system and in certain underground cable railways. 
When, however, there are numerous crossings the underground arrange- 
ments become very complicated, and the possibility of one or more routes 
becoming blocked through the carelessness of one of the many car drivers 
is considerable. When approaching a crossing it is necessary for the 
driver to disengage his grip from the cable, and,' after passing the junction 
under the momentum of the car, to again grip the cable. In the case of 
long crossings, or where it is impossible to run over without stopping, 
auxiliary cables, running at a slower speed, are pro\'ided. These cables 
are driven by the main ones at the required slow speed, and they are 
carried upon pulleys which can be swung cither by hand or automatically 
so as to bring the auxiliary into line with the main cable when desired. 

Owing to the inherent faults of the cable system for tramway purposes, 
and to the frequent breakdowns that occur as a result of the stranding of 
the steel rope and the blocking of the slot, it is doubtful if the method will 
be again adopted in an entirely new installation. 

Klkctric Accumulator Cars.— Of the many electrical systems that 
have been introduced, the simplest, so far as the cost of permanent-way 
construction is concerned, is the electric accumulator car. No overhead 
or underground wires are required, and no alteration of existing tracks is 
involved, so that the system is particularly suited to city and other dis- 
tricts where the erection of unsightly overhead wires is an objection, and 
where the heavy initial cost of installing an underground system cannot 
be contemplated. Accumulators are unfortunately \ ery heavy, being com- 
posed almost entirely of lead plates, and they constitute a considerable 
portion of the total running weight. The working conditions are also of 
the worst description, as the plates are subjected to severe shocks and 
vibration, while the frequent and heavy discharges of current which take 
place when the car is started under a heavy load or on a hill seriously 
reduce the life of the cells. When shunt motors are employed, the energy 
of the car when descending hills can be utilized for recharging the accu- 
mulator by making the motor act as a dynamo. In this way the speed 
of the car is prevented from increasing, while at the same time the accu- 
mulators receive a good recharge after climbing a hill. 

At each terminus provision is sometimes made for recharging the cells 
while the car is waiting previously to the return journey, but, as the time 
is limited, this generally necessitates a very heavy charging current. To 
overcome this objection, the accumulators are frequently carried in a frame 
which can be readily removed at the end of the journey, a new set of 
charged accumulators being substituted for the discharged one. The 
accumulator system has been adopted in sections of certain large cities, 
in conjunction with the trolley system, the latter being used only in the 
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suburban districts where the presence of side poles and overhead wires 
is not a serious objection. With a combined system of this kind the 
accumulators are charged through the trolley from the overhead wire while 
the car is running through the suburbs, and when the city portion of the 
road is reached the trolley is drawn down and the motors are then driven 
from the storage cells. 

OvKKHEAL) Trolley Cars. — In the various other electrical systems 
commonly employed a considerable amount of gear is required in addition 
to the track rails, and the cost of the installation is therefore considerable. 
In the overhead trolley system the current is supplied to overhead wires 



Fig. 565.— Typical Double-deck Electric Car for Overhead Trolley System 


suspended at a sufficient height above the track, and the current is con- 
veyed to the car through a trolley pole, 'the wheel of which runs pressed 
against the wire by means of strong springy (hg. 565). Sometimes the 
wheel is dispensed with, and a sliding contact is used instead. 

Most frequently the current, after its passage through the motors» Jb ‘ 
conveyed back to the generating station through the car wheelsi and 
thence through the rails, which must therefore be continuous. If a bad 
joint exists anywhere on the line, the current, in finding its way back to 
the station along the path of least resistance, will probably pass through 
adjoining water and gas pipes, in which case serious corrosion, due to 
electrolysis, is induced at the points where the current enters and leaves 
them. This difficulty can best be obviated by making the resistance of 
the rails as small as possible, and many arrangements have been devised 
for connecting the ends of the rails together either by welding or by means ’ 
of copper bonds. Rail returns are sometimes dispensed with and a second 
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overhead return substituted, in which case there are provided two trolleys. 
In the Leeds railless tramway S3^tem there are two overhead trolley cables, 
and the cars run upon ordinaty roads not provided with rails. • Although 
the overhead wires are unsightly, the single-wire system is a convenient 
and inexpensive one, and it has the advanta^ of being less permanent 
than the more costly conduit systems, which, once installed, could only be 
converted at a great loss. 

Conduit Tramways. — ^To some extent the conduit electrical system 
resembles the cable-traction system already referred to, but the grip merely 



rubs upon the underground wire, which is stationary, and only carries the 
current (fig. 566). As in the overhead system, one conductor may be used, 
in which case the rails serve as the return wire, or two conductors insulated 
from one another may be employed, to obviate the necessity for an earthed 
return; but this arrangement is not a common one. 

There are many difficulties, which- can only be partially overcome, and 
of these the most serious is the difficulty of maintaining the insulation of 
the exposed high-tension wires. Water and mud find their way through 
the surface slot into the conduit, and cause serious leakage of current and 
el^trblysis of neighbouring pipes. For this reason, wherever a conduit 
system is installed, it is necessary to make ample arrangements for drain- 
ing away storm water, and this increases the cost of the installation. 
Surface-contact Electric Tramways.— Surface-contact or closed- 
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conduit systems, in which the parts are entirely enclosed and protected 
from moisture, have been installed in various districts, as, for examj^e, in. 
Wolverhampton; but the results expected have not been in practice 
realized, owing to the difficulty of maintaining the nuineroiis stti^ 
tact boxes in sufficiently good condition. In a surface-contact iostailati^. 
the current is supplied to studs placed between the rails at intervals of .le^'. 
than the length of the car, and which project slightly above the road sur- 
face. On the under side of the car is arranged a long collector bar of 

sufficient length to 
bridge the distance 
between the two 
studs, and thus to 
be always in contact 
with at least one 
stud, from which the 
supply of current is 
drawn. If, however, 
the studs were per- 
manently connected 
to the conductors 
there would be great 
danger to the public, 
and it is therefore 
necessary to provide 
means for automa- 
tically making the 



Fig. 567.->Loraiii Surface-contact System— Longitudinal Section of Contact-box 


consecutive studs “live” as the car reaches them, and for again making 
them “ dead ” by cutting off the current as the car leaves them. This is 
effected in the Lorain surface-contact system, as installed at Wolverhamp- 
ton, by means of electroms^nets on the cars, which attract armatures in the 
stud boxes as the car passes over them, and thus connect the surface con- 
tacts with the supply mains. When a car has passed a stud, the armature 
in it falls by gravity and makes the surface contact dead. A longitudinal 
section of a street stud box is shown in fig. 567, and the action of the car 
magnet is illustrated in fig. 568, which shows the magnet in position over 
a box. From these drawings it will be seen that the box contains only one 
.moving part, namely, the soft -iron disc or armature to which - the carbon 
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contact E is attached, and that the essential parts are entirely enclosed. 
As the car magnet bars F f', which run from end to end of the car, pass 
over a box they attract its . armature A a" and raise it until the carbon 
block E comes into contact with the carbon contact D, tlius placing the 
manganese steel stud O in connection with the supply mains through the 
flexible copper strip E', shown in side view in fig. 568. All the spaces 
TXT around the box arc filled with insulating oil, which prevents moisture 
from creeping along the cable connections into the interior of the box. 
Magnets are arranged at Intervals along the car, and their similar poles 



Fig. 568.— Section of Contact-box, Contact-shoe, and Magnet System on Car 


are connected to the pole shoes F I*’', which thus keep the box armatures 
in the attracted position until the car has passed over them. The collector 
bar or shoe ll, which rubs upon the stud and collects the current, is 
arranged between the pole shoes, as shown at fig. 568, and the magnet 
shoes are prolonged at each end beyond the current -collecting shoe, .so 
that each stud becomes live before the collector actually comes in contact 
with it, and becomes dead only after the collector has left it. This 
arrangement prevents all po.ssibility of arcing at the carbon circuit maker 
within the boxes, as the interruption of the current then only occurs 
between the studs and the collector as it comes into contact with and 
leaves them. 

In practice some difficulty has been experienced in maintaining the 
insulation of the numerous boxes, and accidents have occurred through 
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the failure of the armature to fall after the car has passed, with the result 
that the stud remains live and becomes a source of serious danger to 
foot passengers and horses. In other surface- contact systems the use 
of car magnets is dispensed with, and the fall of the contact block within 
the stud, immediately the flow of current is interrupted by the passage 
of the collector, is made to operate electrically the contact maker in 
the box ahead of the car. This system involves the use of considerable 
mechanism in conection with the various studs, and to facilitate inspection 
and repair the mechanisms have been grouped together in section boxes 
at the sides of the tracks, where they are readily accessible, instead of 
in the individual boxes, where their supervision would be very difflcult; 
but even with this arrangement the objections to the system have not 
been entirely overcome. 

Third-rail System. — Where the track is not laid upon the public 
streets, and where it is sufliciently protected from foot passengers, the third- 
rail system is frequently adopted in preference to the overhead conductor, 
which involves a more costly .superstructure for carrying the wire. In 
the third-rail .system a conducting rail is carried upon suitable in.sulators 
at the ground level, either between the track rails or more frequently at 
one side, and the train or car is provided with .shoes, which slide in contact 
with the conductor and pick up the current from it. Two picking-up shoes 
are generally provided, one at each end of the car, the distance between 
them being sufficient to enable them to bridge over the gaps in the 
conductor rail at crossings and junctions where it is impracticable to 
make the rail continuous. 

MONO-RAIL TRACTION SYSTEMS 

General Character. — ^The mono-rail system of carrying the car- 
riages upon a single set of wheels placed in line under them has been 
applied in a few unimportant cases — as, for example, in the north of 
Ireland — and it has been proposed upon a larger scale by Mr. Behr for 
a main high-speed passenger line between Manche.ster and Liverpool. 
Although parliamentary sanction was obtained long ago, the scheme has 
not been carried into effect, owing principally to financial considerations. 
In the mono-rail system the track is built of A frames, upon the top 
rail of which run the carriage wheels. The cars thus sit astride of the 
frames, and at the foot on either side are arranged guide \yheels which 
prevent any serious sidewise rocking, and which come into action more 
particularly when running round curves. In the Irish line already referred 
to the locomotives employed have two boilers, placed one on each side 
of the frames, and in this way the centre of gravity of the moving mass 
is not far above the top rail level. At junctions it is necessary to move 
a section of the trestles into line with the branch upon which it is desired 
to run the train, and as this is a very cumbersome operation, the use 
of the mono-rail system for heavy express traffic is practically restricted 
to direct lines of the proposed Manche.ster-Liverpool type, over which 
trains were intended to be run without intermediate stops. 
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Brennan Mono-rail. — By an ingenious application of the Foucault 
gyrostat, Mr. Louis Brennan has succeeded in con.structing a car which 
is capable of running upon a single rail, and which does not require to be 
controlled by means of guide wheels when running round curves. From 
the two illustrations of the working model first constructed it will be 
seen that in the one case the car is running round a curve upon a 
single track of the simplest description (see the Plate), while in the other 
the car is shown standing upon a .steel cable stretched at some distance 
above the ground. Each end of the carriage is supported upon a pair 
of wheels placed in line and driven by motors, the current for which 
is supplied in this particular example by accumulators carried upon the 
car, but any suitable driving system might be adopted in practice. The 
es.sential feature of the invention is the application of the gyrostats, which 
prevent the car from falling over when it is not moving, and which 
enable the car to safely run over sharp curves by automatically caus- 
ing it to incline inwards towards the centre of the curve by an amount 
sufficient to maintain stability. This tilting over of the car is clearly 
indicated in the Plate, and it will be seen that, as in ordinary railway 
practice, it is necessary to give the track the super-elevation determined 
by the radius of the curve and the normal speed of running. A gyrostat 
of the simplest kind consists of a flywheel, which is spun upon its axis at 
a high speed, and such an arrangement tends to maintain the direction 
of its axis of rotation. Thus, for example, the rifling of a gun barrel 
is designed to produce a rapid rotation of the bullet, and in this way 
to preserve the direction of its motion. If a gyrostat mounted in a frame 
be .suspended within a gimbal having its two axes arranged at right 
angles to one another and to the axis of the rotating wheel, it will be 
found that any attempt to swing the frame, and with it the spinning 
wheel, about one of the gimbal axes is strongly resisted, and that a 
constant rotation about the other axis of the gimbal in a plane at right 
angles to the applied couple is introduced. In the Brennan arrangement 
the axis of the outer gimbal ring is carried in bearings attached to the 
car body, and the gyrostat wheel is spun by electrical means at a speed 
of several thousand revolutions per minute, depending upon the relative 
weights and dimensions of the car an'd wheel. Upon the extended spindle 
of the wheel is carried a roller, which in the normal position runs freely 
between an upper and a lower guide plate. A similar roller, capable of 
rotation about the same axis, but carried upon the inner gimbal frame, 
also runs freely between two similar guide plates. When the car swings 
over under the action, for example, of a gust of .wind, the spindle of the 
gyrostat maintains its original direction relatively to the earth, and the 
upper guide, which moves with the car, then comes into contact with 
the roller on the spindle of the gyrostat, and the tilting movement is 
arrested. At the same time the friction of the roller on the guide intro- 
duces a tangential force which causes the gyrostat to swing upwards, 
carrying with it the guide plate, and therefore the car to which it is 
attached. If the car rises under the action of the gyrostat against the 
wind, and swings over too far, the second roller comes into contact with 
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a.fixed lower gaide and Ihe motkm is stopped; bitt, 
upon the frame, no precessional motion is introduced, ahd t^e^fraitne W" 
not in consequence caused to swing down again.. In this 
again assumes a stable position with the rollers in ..the >mid p^iti^ 
between the guides. To enable the car to moye round a curver without 
carrying the guide plates beyond the mid position, ip which they control 
the spindle, Mr. Brennan has neutralized the horizontal effects of the gyro- 
stat by suitably coupling together two sets, the wheels of which' are cau^ 
to rotate at equal speeds in opposite directions. The horizontal direction, 
of the axes of the coupled gyrostats then remains constant relatively to 
the car instead of to the earth, as in the case of a single gyrostat, andv 
they offer no resistance to the car when 
rounding a curve. As the stability of the 
bar, both when standing still and when 
running, is wholly dependent upon the 
continuous rotation of the gyrostat wheels, 
special precautions are taken to ensure 
that they will run for a considerable time 
without being driven, and in the example 
illustrated the .flywheels are for thi^ reason 
lermetically enclosed in an- evacuated 
:hamber and are capable of running, alone 
or several hours. ' " 

Overhead Cabeeways. — Overhead 
:ableways are very, commonly employed 
or transporting materials oyer, consider-* 
ible distances, and in af least one ihstancq 
or the carriage of passengers. So far they, 
lave been used chiefly in mining districts 
or the chrriagie of ores from the mines, to 
he mills, where these are situated at some . 
listance aWRy. and they are also extensively Fig. 569 .- 0 verhead Cubleway Passenger Gar 
ised in Ceylon and India for conveying 






ea leaf. Several systems of wire ropeways are in common use, and 
he choice of one or the other is* determined by such circumstances as 
he nature of the country, particularly as regards the steepness of the 
iclines and the length of the spans, and upon the quantity of material 
0 be conveyed. In the simplest arrangement, comfnonly known as a 
Shoot”, a single cable is stretched from high-lying ground to a low 
5 vel, and the . material, which may be sheaves of wheat, is allowed to 
lide down the rope by gravity. In such cases the runners to which 
he sheaves are attached are made of the lightest possible construction, 
0 that they may be carried back in' numbers to the upper terminal. 
Vhiere the country is comparatively level an endless running ro|)e, upon 
^hich the buckets are carried contiguously, is generally employed, and 


i cases where the* inclines are not steep the buckets or carriers are not 
irectly fixed to the rope, but hang, from it, and are carried along by 
he friction of the contact. Carriers of this description are illustrated in 
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figs. 569 and 570. ‘ At the side of the saddle are attached two small 
wheels, by means of which the carrier may be switched to another line, 
or shunted for the purpose of loading or discharging when the carriers 
are used for transporting materials. In such cases the branch rail is 
slightly inclined, so that when the wheels reach it the momentum of the 
carrier is sufficient to cause it to run up the incline and raise the saddle 
completely free of the rope. Running ropes of the kind described may 



Fig. 57a— Standard of Overhead Running^Cable System 


be used, even when the line has to be carried over considerable eleva- 
tions, by placing guide pulleys' above the rope to prevent it from being 
raised off the supporting pulleys. As a carrier approaches a guide of 
this kind the weight causes the rope to sag until it rests in the lower 
pulley, and the carrier is then able to pass freely under the guide wheel. 

When the inclines or spans are too great to permit of the use of a 
running rope which merely rests in the pulleys, fixed ropes are u.sed, and 
the carriers are hauled by a separate endless running rope to which they 
are attached by means of clips, which permit of the car being disengaged 
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571*— Cableway used during the Erection of the Beachy Head Lighthouse 


for loading or discharging. At each trestle are provided V guides and a 
lower guide wheel, upon which the hauling rope runs when the carriers are 
not passing the trestles. An example of one of the many applications 
of these cableways is illustrated by fig. 571, which shows its use for the 
transport of workmen and materials to the Beachy Head lighthouse when 
under construction. 

Means are provided at one. or other of the terminals of a cableway 
for taking up the slack of the rope, the other end being securely anchored. 
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In the case of the fixed-rope system there are generally two indepen- 
dent parallel ropes anchored at both ends, but provided with tackle for 
taking up any slackness that may arise from the stretching , of the rope. 
The hauling rope, on the other hand, is continuous, and to keep it suffi- 
ciently taut one or other of the terminal pulleys around which it passes is 
carried upon a tension truck, to which a heavy pulling weight is attached. 
The driving of the hauling rope is then done by means of the turning pulley 
at the other terminal. Similar arrangements are provided at the terminals 
of the endless running ropeway for anchoring the one pulley, and for apply- 
ing a suitable tension at the other. 


CHAPTER XI 

MOTOR VEHICLES: PETROL MOTOR CARS— 
STEAM MOTOR CARS— ELECTRIC MOTOR CARS 

Introductory. — Within very recent years the traffic upon the public 
highways has greatly increased, owing to the great development of self- 
propelled vehicles that has taken place. Before the general introduction 
of the railway locomotive many attempts were made to run steam-driven 
carriages upon the highways without the use of rails, and the results ob- 
tained were in some cases of a very promising nature, but the opposition of 
the trustees of the public roads, and of the powerful coach proprietors, and 
to some extent the engineering difficulties that had to be overcome, resulted 
in the early abandonment of the various schemes. There is, however, little 
doubt that under fair conditions steam carria'ges would have been rapidly 
brought to a condition of practical usefulness by the engineers interested .in 
their development, and that, as a result of the use of the roads, the transport 
systems of the present day would have been of a more perfect nature. 
From 1830, when the Liverpool and Manchester pas.senger railway was 
first opened, may be dated the abandonment of all real attempts to intro- . 
duce self-propelled carriages, and it is only within recent years that the 
progress of engineering and the change of conditions have made their re- 
introduction possible. 

Types of Motor Cars. — Motor cars of the present day are in the 
great majority of cases propelled by engines of the internal-combustion 
type, in which the vapours of the lighter classes of oils, such as petrol and 
light naphtha, are consumed; but there are also several successful cars 
propelled by steam. Electrically-driven cars were favoured for a time, 
but at the present day their use is restricted to town areas where the cost 
of running them is a secondar}*' consideration, and where the surfaces of 
roads are not irregular. There are thus three general methods of propel- 
ling motor cars, namely, by means of petrol or spirit vapour, by steam, and 
by electric motors; but for many reasons the first system has been adopted 
by the majority of the manufacturers for all but the heavie.st classes of com- 
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mercial vehicles, which are veiy frequently propelled by steam. A combina^ - 
tion of the petrol and electric systems has bem propel for heavy vdluel^ ^v' 
with a view to combining the advantages of both, as neither alone is mtirely 
satisfactory. 

As compared with the steam engine, the internal-combustion motor 
suffers from the great disadvantages inherent in the use of the four-stroke 
cycle, which in a single-acting cylinder permits of only one working stroke 
in four, and in the necessity for gear boxes by means of which the running 
speed of the car may be altered. A steam-driven car involves the use of 
a steam generator and of burners for vaporizing the water, but it has the 
great advantage of superior flexibility, as the speed of the engine itself 
may be altered within Wide limits without the use of any gear wheels, 
and the power developed may also be largely increased as desired, by 
varying the quantity of steam admitted to the cylinder during each stroke 
of the piston. 

Electric cars involve the use of heavy accumulators usually constructed 
of lead plates. These accumulators rapidly deteriorate when used under 
the conditions ordinarily met with in motor-car running more especially 
in rough and hilly districts, where the vibration and the frequent heavy 
demands for current cause the plates to shed the active pastes with which 
their interstices are filled. Apart from this very serious objection the elec- 
trical system is ideal both from the point of view of flexibility of power 
and of the ease with which the sj^eed of the motor may be controlled. 

PETROL MOTOR CARS 

TyI’ICAL Car Bodies. — A motor car consists of two distinct portions, 
the body and the chassis, which are very frequently built by different 



Fig. S73«*— Motor Car Tonneau Body 


manufacturers, who specialize in the construction of these particular parts. 
The body comprises all the coachwork, and, as it is this portion which 
'primarily concerns the user, there is a wide variety of types combining 
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comfort and neatness. Any type of body may, in general, be fitted to 
a particular type of chassis to meet the wishes of individuals, but there 



574*~ Typical Limousine Body 

the roadway, and the majority of cars are now arranged with side entrances 
(fig. 573), which enable the passengers, to alight upon the pavement. 
Fig. 573 repre.sents a typical landaulette body, and the Limousine form, 
which resembles a closed carriage, is illustrated in fig. 574. 
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The Chassis. — Under the term chassis is included all the mechanical 
portions, such as the engine and driving gear, tc^^her with the frame and 
wheels, and it is this portion which more particularly characterizes as a 
whole the type or make of a car. There are two distinct classes of chassis, 
which differ in the method of communicating the driving motion to the 
wheels. In the chain-drive system (figs. 575 and 576) the motion is 



Fig* 575* "Car Chassis, Chiun-drive System (elevation) 


communicated to the driving wheels by means of chains, while in the 
other system the rear axle is driven more positively by means of a 
shaft generally known as a Cardan shaft. From the illustrations 
it will be seen that the parts are carried upon a strong rectangular 
frame of U -section pressed steel, from which the load is transmitted 
through springs to the wheel axles. At the front end is generally placed 
the radiator or water cooler, and behind it is the engine, which is so 



Fig. 576.— Car Chassis, Chain-drive System (plan) 


arranged that the shaft lies along the length of the frame. This arrange- 
ment of the radiator in front of the eogine is, however, not universal. 
When in running condition a hood covers the engine, but to prevent an 
undue rise of temperature a free circulation of air is permitted, and in 
addition there. is provided an engine-driven fan which maintains the circu- 
lation of cold air over the engine and through the radiator. On the end 
of the engine shaft is placed a clutch disc, which serves also as a flywheel 
and as a brake drum, and the corresponding half of the clutch is attached 
to the transmission shaft, which communicates the motion through the 
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gear box, by means of which the driving speed and force may be changed 
while the speed of the engine remains constant. Up to this point there is 
no essential difference between the cardan-shaft and chain-driven systems, 
as will be seen by comparing the illustrations. In the chain system the 
motion is transmitted from the gear box through a differential gear to 
the chain axle, and thence by means of chains to the wheels, while in the 



Fig. 577.— Car Chassis, Ckrdan Shaft System (elevation) 


case of the direct-drive system the motion is communicated directly from 
the gear box through the cardan shaft to the differential connecting the 
two halves of the rear axle, and thence to the wheels. As in this case 
the rear axle rotates and transmits the drive to the wheels, it is generally 
known as a live axle. 

This sequence of parts is common to most motor cars, but the arrange- 
ment varies in the different types. Thus, for example, the gear box and 



brake drum may be embodied in the enginb icasting, or the gear box may 
be enclosed in a separate case or combined with the differential gear. 

The Motor. — In an internal -combustion engine, such as is adopted 
for motor-car purposes, the working substance used is spirit vapour, which 
explodes or burns with extreme rapidity -when mixed with the correct pro- 
portion of air and then ignited. As a result of the high temperature of 
the combustion a large increase in the volume of the gases takes place, but. 
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Fig. 579.— Uiun*] 3 outon Petrol Engine (cross section) 


as the space behind the piston in which they are generated is small, the 
pressure of the gas is great and the piston is forcibly driven forward. At 
the end of the working stroke the cylinder is filled with the inert expanded 
gas, which cannot be removed as in the case of steam by allowing it to 
escape to the atmosphere or by exhausting into a special condenser, but 
which must be driven out of the cylinder during the return stroke of the 
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Fig. 580 Dion*noiiton Two-cylinder Engine tpart sectional elevation) 


piston. It is then necessary to draw in the next charge of vapour and 
air, and this is done throughout the third stroke of the cycle. During 
the fourth stroke the piston returns and compresses the mixture into the 
small combustion space, where it is ignited. By the evolution of the gas 
in a small space the initial pressure obtained is many times greater than if 
the mixture had been ignited under less compression, as would have been 
the case if it had been ignited at, say, the middle of the third stroke. 

When the engine is composed of only one cylinder, sufficient power 
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must be developed during one stroke not only to drive the car during that 
stroke, but also to impart sufficient momentum to drive it during the three 
following strokes, and in a single-cylinder car a flywheel of a considerable 
size is necessary. By the use of two cylinders the working strokes and 
idle strokes are caused to occur alternately — that is, there is one driving 
stroke per revolution of the crank shaft— and by duplicating the cylinders, 
without however reducing their size, the available power is doubled. In 
the same way, by the u.se of four of the same cylinders, not only is the 
power of the motor increased, but the uniformity of the motion is also 
improved, as there is one impulse at every stroke. Each cylinder is pro- 
vided with its own valves for controlling the admission of the mixture 
and the exhaust of the waste gases, and an engine having two or more 



cylinders may be considered as consisting of two or more engines driving 
a common shaft. 

From the .section of the Dion -Bouton engine illustrated in figs. 579 
and 580, the action of the various parts will be readily understood. The 
suction and exhaust valves are opened and closed at the correct intervals 
by means of cams carried upon a half-time shaft, which rotates at half the 
speed of the engine shaft, but in some cases the suction valve acts auto- 
matically and is not positively driven. One revolution of the cam shaft is 
equivalent to two of the crank shaft, and each of the valves is thus operated 
once during four strokes of the piston, as required for the Otto cycle. 
Valvele-ss engines, such as the Silent Knight engine, have been intro- 
duced, in which reciprocating cylindrical liners, pierced by suitable ports, 
are substituted for the ordinary valves. 

In the two-cylinder engine shown, since the cranks are placed 180 
degrees apart, the inertia forces are practically balanced, but the turning 
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motion is less uniform, as the working strokes occur consecutively. When, 
on the other hand, the cranks are set together, the reciprocating parts move 
to and fro as one piece, and the forces tending to produce vibration are 
not balanced, but the explosions occur alternately — that is, there is 
one working stroke at each rotation of the crank. In the four-cylinder 
engine, shown in longitudinal section in fig. 581, the arrangement of the 
cranks is such that the inertia forces are balanced, and when the explo- 
sions take place in the cylinders in the order i, 2, 4, 3, the working strokes 
occur at r^fular int^als of half a revolution. From the sections it will 
be seen that the cranks are entirely enclosed in a case, the bottom por- 
tion of which is filled with oil, into which the cranks dip as they revolve. 



Fig. 582.— Longuemare Carburettor 


Lubrication of the main bearings is 
effected by means of a special oil pump, 
which also supplies oil to the crank-pin 
bushes through channels bored in the 
shaft and in the webs and pins of the 
cranks. As the heat generated at each 
explosion is very great, it is necessary 
to maintain a circulation of cold water 
around all parts acted upon by the 
hottest gases — that is, the working por- 
tions of the cylinders and the valve 
chambers. Water is continuously cir- 
culated by means of a simple valveless 
pump through the various water jackets, 
where it absorbs heat from the cylinder 
walls, and then to the radiator, which is 
provided ,with a large cooling surface 
for the dissipation of the heat to the 


atmosphere. The cooled water is then available for use again in the 
jackets. 


Carburettors. — Until the spirit fuel is mixed with sufficient air for 
its combustion no explosion can take place in the cylinder, and means 
must therefore be provided for supplying the petrol and the air in the 
correct proportions, and for intimately mixing them so that each globule 
of the vapour is surrounded by a layer of air. There are many varieties of 
curburettors which serve to produce the explosive charge, but of these only 
one typical example will be illu.strated. Oil flows either by gravity or 
under pressure from the supply tank to the float chamber shown in sec- 


tion at the left of the illustration (fig. 582), and its admission is controlled 
by means of the float and needle valve, which maintain a constant level 
of oil in the chamber. At each suction stroke a certain quantity of oil is 
sucked from the float tank through the carburettor jet or valve into the 
cylinder, but at its exit from the carburettor nozzle the jet of oil becomes 
broken up in contact with the stream of air which is simultaneously drawn 
in, preferably over some heated portion of the system. Provision is com- 
monly made for varying the proportion of air, and most frequently the 
means adopted consists in providing supplementary air valves capable of 
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being opened more or le.% as required. Such a valve is of use owing 
to the variable quality of the air, which may contain a veiy variable 
proportion of moisture, depending upon the weather conditions and the 


locality. 

Ignition.— E lectric ignition has 
entirely superseded the earlier methods 
of firing the mixture in actual contact 
with an incandescent tube or wire, 
and at the present time the system 
universally adopted consists in pass- 
ing a spark through the compressed 
mixture in the cylinder, but the means 
adopted for producing the spark and 
for applying it are not always the 
same. In general the essential ele- 
ments of an ignition system are the 
current generator and the ignition 



plugs, which are inserted one in each rv583--Aibu>n Magneto and ignition piug 


cylinder. In addition there is pro- 


vided, in the case of a multiple cylinder, a commutator for controlling 
the order or timing of the explosions in the several cylinders. 

In the low-tension system, which was the first to be extensively used, 
the ignition plug consists of a contact capable of being opened and closed 



Fig. 584.— Higli-teittioa Spurking Plug 


by mechanical means. When the contact points are almost touching one 
another, only a comparatively small pressure is required to produce a 
spark tetween them, and as the points are drawn apart the torrent of 
sparks continues for a time. A contact plug of this description, as used 
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upon the Albion car, is indicated in fig. 583. Sparking plugs of the kind 
illustrated in fig. 584 necessitate the use of a high electrical pressure in 
order to produce an arc between the disc, 2, and the body of the plug, 8, 
which are separated by an air gap of considerable resistance. For the pro- 
duction of the spark either batteries in conjunction with an induction coil 
for increasing the electrical pressure, or a small magneto-electric machine 
driven by the engine, may be used, but in many cases both arrangements 
are provided — the induction coil being used when starting and upon 
emergencies. A single primary battery gives a pressure of about li 
volt and a secondary cell 2.2 volts, and as many of these cells coupled 
in series would be required to give the necessary pressure at the ignition 
plug, an induction coil is used to raise the pressure. The Ruhmkorfif or 



Fig. 585.~Speedwell High-tension Magneto 


induction coil consists of two independent coils wound upon a soft-iron 
core, and of a condenser composed of two sets of thin, tinfoil metal sheets, 
arranged alternately in a pile and insulated from one another by thin 
layers of waxed or varnished paper. When current from one or more 
cells is allowed to momentarily flow in the small coil, which consists of 
a few coarse turns of wire, an entirely independent flow of current is 
induced in the secondary coil, composed of many fine turns ; and although 
the energy is of the same amount in both coils, the voltage of the 
secondary induced current is greater than that . of the primary in the 
ratio of the number of turns in the two windings, while the quantity of 
the current is less in the same proportion. It is only at the moment 
when the flow commences or ceases in the primary winding that any 
induced flow takes place in the secondary; and in order to obtain a more 
continuous action it is necessary to provide an automatic contact maker, 
which will rapidly make and break the primary circuit. Each make and 
each break of the primary circuit induces the same high-tension current in 
the secondary coil, but the two induced currents flow in opposite directions. 
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and as neither is sufficiently intense to jump the air gap at the sparking 
plug, the condenser already mentioned is connected across the circuit for 
the purpose of intensifying the flow at the break. As the suddenness 
with which the current rises or falls really determines the induced pres- 
sure, the current at the make, when retarded by the action of the con- 
denser, is a comparatively feeble one, while the current at the break, 
which is assisted by the action of the condenser, is sufficiently intense 
to jump the gap at the ignition plug and produce a torrent of sparks. 

Batteries and accumulators require renewing and recharging, and in 
this respect they are not so convenient as the magneto, which is very 
commonly used for ignition purposes. Essentially the magneto consists 
of a coil of wire which is mechanically moved through the magnetic field 
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Fig. 586.— Daimler Accumulator Igniuon. showing arrangement of distributor 



between the poles of a magnet. As the coil cuts through the lines of 
magnetic force there is induced in it a current, the voltage of which 
depends at any instant upon the rate at which the lines are being cut; 
and since in practice the coil is generally moved in a circle, so as alter- 
nately to pass before the north and south poles of the magnet, the current 
pressure alternately rises from zero to its maximum positive value, and 
then falls through zero to a corresponding negative maximum. By the 
addition of a secondary winding to the magneto armature a high-tension 
alternating current may be obtained as a . result of the influence of the 
primary alternating current. In fig. 583 is illustrated the Albion type 
of low-tension magneto and contact-lever ignition plug, and the Speedwell 
high-tension magneto is illustrated in fig. 585. One typical ignition system 
is illustrated diagrammatically in fig. 586, which shows the arrangement 
adopted in the case of a Daimler four- cylinder engine. There are two 
sets of six accumulators provided, and a two-way switch which permits 
’ of one or other being used as required. One terminal of each batteiy 
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is earthed, and the other is connected through the switch to the induction 
coil, which in this example serves for all four cylinders. The secondary 
currents are distributed by the commutator to the ignition plugs in the 
required order, as determined by the arrangement of the cranks. 

Speed and Transmission Gear. — Alterations of the speed cannot 
be effected in the case of the internal-combustion engine as in the steam 



Fig. 587.— Albion Friction Clutch 


T, Flywheel. Ti, end of crank shaft. Tg, Inner clutch member. Tg, Sleeve carrying Tg. T4, Clutch bolt. 

Tg, Adjustment nut on T4. Tgi Clutch spring. Ball-thrust bearing. Tg, Clutch collar. Tg, Clutch fork. 

Tio, Clutch pedal. .^.1 

engine, where the supply of steam at each stroke may be varied as desired, 
and it is therefore necessary in the former case to introduce gearing for 
reducing the speed and at the same time increasing the driving force 
applied at the wheels of the car. It will- be evident that since the power 
developed by the engine remains unaltered, an increase of the driving 
force can only be obtained by a corresponding reduction of the speed. 



MOTOR VEHICLES 


Referring to figs. 575 and 577, it will be seen that the gear box’ h 
both examples placed' immediately behind the engine, from which it i 
driven through a friction clutch. This fraction clutch permits of th 
engine being disconnected from the transmission system when it is desirec 
to stop the car without stopping the engine itself. A clutch of the internal- 
cone type, in which the leather face of one portion is pressed tightly into 
contact with the metal face of the other, is illustrated in section in fig. 587, 
and for comparison a section of a typical friction disc clutch is given in 


fig. 588. In the latter case 
the power is transmitted by 
friction through a number of 
metal discs connected alter- 
nately to the engine and the 
transmission shafts. When 
the discs are pressed to- 
gether, by operating the 
clutch lever and advancing 
the pressure plate G, the 
sets of fr etion discs V and N 
grip and transmit the drive 
from the engine to the gear- 
box shaft. 

Gear boxes of endless 
variety have been devised 
by the various makers of 
cars, but, as the conditions 
to be satisfied are in the 
majority of cases the same, 
the essential features differ 
only in arrangement and 
details. At the present time 
there is no positive mechan- 
ical gear capable of giving 



Fig. 588.— Argyll Friction Clutch 


any desired speed reduction 
from that of the engine to 


A, Oil inlet a, Flywhe si. c, Clutch pressure springs, d, Chassis 
cross frame, ir. Spring adjusting nut F, Spring box. G. Pres- 
sure plate. H, Transmis ion'shaft wheel, j, Engine crank shaft. 


zero, and in the gear boxes 
in common use the changes 


K, Transmission Shaft. l, Clutch collar ball race. m, Cover. 
N, Driven plates keyed t< > h. p, Driving plates. Q, Disc guide 
pins. R and s, Friction* topping discs. 


of speed are made in definite 

stages. For cars of small powers two forward speeds and one reverse speed 
may be provided, but for higher-powered cars four fohvard speeds and one 
reverse are frequently considered necessary. In the particular example 
of the Argyll type of gear box, shown in fig. 589 with the cover removed, 
there are provided three forward speeds and one reverse. In this arrange- 
ment the driving shaft P is not continuous with the propeller shaft, 
although it appears to be so, and the motion can only be transmitted 
directly from one to the other through the clutch D and E, the former 
portion of which can be moved along the squared end of the propeller 
shaft. When the wheel Q is moved towards the right to its full extent 
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the clutch D becomes disengaged from the driving-shaft clutch, and the 
clutch L engages with the clutch N attached to the face of the wheel o, 
which runs idly upon the shaft but in constant mesh with the counter- 
shaft wheel R. To obtain the second speed the wheel Q is therefore 
moved to the extreme right, and the motion is transmitted indirectly 
through the wheels on the countershaft. 

For the first or slowest speed the wheel Q must be placed in its mid 



Fig. 589.— Argyll Three-speed Gear Box, showing cover removed 

position with both clutches clear of those on the driving and propeller 
shafts, and the countershaft pinion G must then be slipped along the 
squared portion of the shaft until it comes into mesh with the wheel Q, 
to which the motion is as before communicated but through a different 
gear ratio. The reverse speed is obtained by disengs^ing the wheels G 
and Q, and then connecting them through an intermediate wheel U carried 
upon the lid of the gear case, as shown -in the illustration fig. 590. Any 
arrangement which necessitates the bringing of one moving spur wheel into 
ftiesh with another is objectionable, but the directness and simplicity of the 
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system has made its adoption very general. There are, however, gear 
boxes in use in which the wheels remain always in mesh, and the required 
changes of gear are obtained by coupling one or other of the wheels to 
its shaft through internal friction clutches. In the well-known Dion 
Bouton design such clutches are used, but there are others in which the 
various gears are coupled by 
means of external clutches. 

Differential Gear, -i- 
Whatever method of driving the 
wheels is adopted, it is neces- 
saiy to drive them separately 
through a balance or differential • 
gear, as otherwise the wear of 
the tyres would be considerable, 
owing to the slipping of onq or 
other of the wheels when run- 
ning round a curve. When the 
steering wheels are so directed 
as to make the car round such 
a curve, the outer driving wheel 
must necessarily travel over a 
longer arc than the inner wheel, as the radii of the paths traversed by 
them differ considerably. To prevent slipping, therefore, the wheels must 
be driven in such a way that they are capable of some relative rotation. 
To make the action of the differential gear clear, its elements, as repre- 
sented in fig. 59 1, may be compared with the well-known arrangement of 
horse trace bars (fig. 592), to which the gear is closely analogous. At any 
instant the actual motion of the vehicle 
is the mean of the motions of the 
horses attached to the trace bars at A 
and B. In fig. 591 the bevel wheels 
and Dg directly drive the road wheels 
El and Eg respectively, and they gear 
with one another through the satellite 
bevel C carried idly by the wheel A, 
to which the driving power is trans- 
mitted from the propeller shaft. When 
the steering wheels are so held that the 
car is compelled to run in a straight 
path, the whole of the differential ro- 
tates as one piece with the driving wheels,. and the satellite wheel C does 
not rotate upon its spindle. If, however, the steering wheels cause the car 
to move at the same speed round a curve, one of the driving wheels will 
move somewhat faster and the other correspondingly slower, and the 
relative motions of the wheels will be compensated by a rotation of the 
satellite wheel upon its spindle. 

In the case of a chain-driven chassis, the differential gear is placed 
'between the two portions of the chain sprocket-wheel axle, from which 




Fig. 590.— Gear>box Cover with Revene*iiiotioii Pinion 
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the rear wheels are driven, as shown in figs. 575 and 576; but in the 
Cardan -shaft arrangement (figs. 577 and 578) the rear axle itself is 
divided to take the differential gear. This latter arrangement neces- 
sitates the use over the axle of strong outer sleeves to carry the weight, 

which the divided 
shaft alone would 
be too w'eak to bear. 
A section through 
the bevel gear- 
driven live axle of 
an Argyll car is 
given in fig. 593, 
which shows at CC 
the sleeve arrange- 
ment. Kj is the main 
shaft, which trans- 

Fig. 59a.— Trace Bars analogous to the Differential Gear mitS the motion of 

the engine through 

the universal coupling at to the differential gear wheel corresponding 
with the wheel A of the explanatory diagram, fig. 591. 




There are two satellite pinions which run on spindles attached to 
the wheel, but one only is essential. Although bevel wheels are very 
frequently used for the differential gear, spur wheels in ^he form of an 
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epicyclic train are also sometimes employed, and this latter arrangement 
can be made a very compact one. Fig. 593 also shows the arrangement 
of a hub of one of the road wheels in section, and the arrangement of the 
brake drum attached to it. 

S'FEAM MOrOR CARS 

Steam cars are at the present time manufactured by a comparatively 
limited number of makers, and the same widespread attention has not 
therefore been concentrated upon their development. Those who have 



specialized in the design and manufacture of steam cars have, however, 
brought them to a condition of very considerable perfection, and many 
of the difficulties of the system have already been successfully overcome. 
A steam car in outward appearance docs not necessarily differ from a 
petrol-driven one, and the differences are in some cases difficult to recog- 
nize. This is particularly so in the case of the steam car (fig. 594) manu- 
factured by the White Company. As in the petrol car, the steam engine 
is placed in front under a hood, and for the radiator is substituted a very 
similar type of condenser, in which the e.xhaust steam from the engine is 
cooled before being returned fo the boiler. A plan of a White chassis, 
showing the arrangement of the essential elements, is given in fig. 595, 
and the under side in fig. 596. The steam generator L is situated near 
the middle of the frame, and below it is placed the main burner. At the 
front end is placed the engine F, to which the steam is conducted from 
the generator through the pipe G. As already stated, the condenser A is 
situated at the front, and immediately behind it is the fan B, which pro- 
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motes a circulation of cold air over it In a steam car the* transmission 
gear is of the simplest description, as there is no necessity for any change- 
spe^ gear box or clutch, although one gear is sometimes fitted to avoid 
the necessity of overloading the engine with live steam .when climbing 
hills. From the under view of the White car (fig. 596) it will be seen 



595.— White Steam Car Chassis (plan) 


that the Cardan shaft runs directly through from the engine to the differ- 
ential gear on the back axle, the rear universal joint being indicated at P. 

Whilst the internal -combustion engine necessitates the use of gear 
boxes, clutches, elaborate lubrication arrangements, and ignition devices, 
the steam car, on the other hand, involves, in addition to the engine 
generator and burner, the provision of means for automatically regulating 



Fig. 596. — White Steam Qir (under view of chassis) 


the heat of the burner flame and the supply of water to the boiler. These 
automatic arrangements are shown diagrammatically in fig. 597, which shows 
both the oil-fuel and the feed-water systems. Oil fuel for the main burner 
Ej is stored in the tank B, from which it passes to the burner admission 
valve Bj. When the boiler is cold, and there is no steam for the automatic 
supply, oil is admitted to the burner by means of the bypass valve B,; 
but this valve is closed as soon as sufficient steam is raised in the boiler. 
Under normal working conditions the engine-driven feed pump draws 
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water from the tank A and forces it through the feed-heater coils A, to 
the flow regulator A^, which opens a return bypass A7 back to the tank 
A whenever the supply from the pump exceeds a' predetermined limit. 
At the same time a needle attached to the plunger of the regulator A^ 
controls the flow of oil through the valve Bj in accordance with the flow 



of water through A^. In this way the oil consumed in the burner is varied 
to suit the demands for steam. To prevent any possible excessive rise of 
temperature a thermostat Aj is provided above the burner Ej. When the 
temperature ri.ses unduly, the thermostat opens an auxiliary passage from 
the feed heater to the boiler A^ until the additional flow of feed water 



Fig. 598.— White Steam Car. General View of the Genamtor, Burner, and Automatic Valves 


reduces the temperature to the fixed limit. It will be seen that the 
arrangements are somewhat complicated, but, on the other hand, the 
action is automatic and regular, and the work of the driver is simplified. 

An external view of the generator, the burner, and the automatic 
arrangements described above is given in fig. 598. The generator itself 
'consists of a long tube coiled, as shown in the illustration, with the burner 
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underneath. The action of the generator is as follows. Water is pumped 
into the upper coils, and as it is forced downwards through the succeeding 
layers it becomes heated, until at a certain point it flashes into steam. 
Below that point the coils contain steam alone, which becomes superheated 
before it passes to the engine. The several coils are joined in series, but 
the connections are such that the water or steam from one coil must pass 
upwards beyond the level of the top layer before it can descend to the 
next coil. Flash boilers of this description contain at any moment a very 
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S99>— 'The Wliite Steam Car Engine 


small quantity of water or steam, and a rupture of any part can have no 
disastrous results. 

Single-acting engines, resembling in some respects the internal-com- 
bustion t}q)e, are favoured by several makers of steam cars, but in the 
White car the engine is a vertical compound one. An external view of 
the 30-h.p. type of engine is given in fig. 599, which shows the end view 
and also the left side of the engine with the feed-water heater, feed pump, 
and regulator attached to the casing. 

ELECTRIC MOTOR CARS 

Electric cars are of all types the simplest from the constructional point 
of view, and they po.ssess advantages which, under certain conditions, more 
than balance their disadvantages. Under average conditions the accumu- 
lator-driven car cannot compete with the petrol-engine car, its u.sefulness 
being limited by the great weight of the lead-plate .storage cells, and by the 
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necessity for recharging after from 30 to 40 miles over ordinaty roads in 
fair condition. Until some radical improvement of the durability, weight, 
and capacity of the accumulator has been effected, it is improbable that the 
use of electric cars will increase to any considerable extent except under 
conditions such as prevail in large towns where the road surfaces are 
well finished and where smooth and quiet running is desired in preference 
to economy of working. Storage batteries have already been described, 
and it is therefore unnecessary to describe them in detail here. Each cell 
most frequently consists of several pairs of-lead plates immersed in acidulated 
water, and when fully charged such a cell is capable of supplying a current 
at a pressure of about 2.2 volts. As the charge becomes exhausted the 
pressure falls gradually to 1.9 volt, and after this point the fall increases 
rapidly. A very rapid discharge or a sudden fall, such as takes place when 
the voltage falls below 1.9, results in unequal action over the plates and in 
unequal expansion, which causes them to buckle and displace the paste 
from the interstices of the plates. It is largely this feature that renders 
the accumulator unreliable for ordinary motor-car work, as the heavy 
discharges that may be required when climbing a hill tend to buckle the 
plates and destroy them. As each cell gives an average of about 2 volts, 
and as the voltage at which the electric motor for an electric car is designed 
to run at is usually about ICX3 volts, it is necessary to provide fifty cells, 
which must be connected in series. A battery of this kind represents in 
general one-third of the total weight of the car. If the working voltage 
were le.ss than icx) the number of cells required would be less, but as 
the current for the same power would be proportionately greater the size 
of the plates would necessarily also be greater, and the weight of the 
battery would not hie considerably altered. In the case of the motor, 
however, the weight would be greatly increased, as the size is deter* 
mined largely by the current to be carried by the armature. In practice 
a pressure of about lOO volts is most frequently adopted. 

For short periods the motor can be made to develop nearly double its 
normal power, but this heavy load cannot be carried for longer periods 
withfjut danger of overheating or burning the armature. To prevent the 
po.ssibility of overloading the motor by applying the mechanical brakes 
before the current is cut off, a special switch is provided in connection 
with the foot pedal which applies the brake. When the pedal is slightly 
depressed the current is cut off and the car runs freely, until by further 
depressing the pedal the brake is brought into action. When the pedal is 
released again the reverse action takes place; that is, the brake is released 
before the current is switched on to the motor. For vehicles of greater 
power it has been proposed to substitute for the accumulators an eng^e 
and a dynamo to supply the current for the motor. With this arrangement 
all the advantages of the electric system are retained, while the chief 
objections inherent to accumulators are avoided, but at the present time 
this petrol-electric system has not been very generally applied. 
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CHAPTER XII 
NAVIGATION 

Development of Modern Steamships. — Until the middle of the 
nineteenth century all ocean traffic was carried by sailing ships, although 
for fifty years previously the problem of economically propelling large 
ships by means of steam engines had been receiving 'the attention of many 
engineers and builders. Sailing ships had during that time been gradually 
brought to a state of great perfection, and the performances of some of the 
famous sailing clippers were remarkable. One of these wooden sailing 
vessels, called the Soverei^i of the Seas, a vessel of over 2400 tons, main- 
tained on one occasion an average speed of 1 8 knots for 24 hours, and in 
the frequent races that took place across the Atlantic speeds of 17 knots 
maintained for long periods were not uncommon. Towards the middle of 
the nineteenth century the increased scarcity and cost of English oak, which 
was greatly superior to any of the imported oaks or other foreign timbers, 
led to the introduction of iron, which could be produced in Britain at a 
cost sufficiently low to permit of competition with shipbuilders in America, 
where timber was plentiful. About the same time, by the introduction of 
the system of compound expansion, the consumption of steam in marine 
engines was appreciably reduced, and it then became possible for the steam- 
driven vessels to compete with the sailing ships, which until then had 
monopolized the ocean traffic. At the present day sailing ships are still 
best suited for certain kinds of traffic, where speed is not of serious 
importance, but these vessels are built of iron as in the case of the 
steam-driven ships. To the introduction of iron for the construction of 
the hulls, and to the development of the multiple-expansion steam engine, 
is due the vast increase of traffic between the cciuntries of the world that has 
taken place within the last fifty years. 

Early Steamboats. — It is generally accepted that the first practical 
application of the steam engine to marine propulsion was made by Miller 
and Symington, who in 1788 carried out successful trials with a steam 
vessel, which attained a speed of 5 miles an hour on Dalswinton Loch, 
in Scotland, and in the following year with a second vessel on the Forth 
and Clyde Canal. In 1802 Symington constructed for Lord Dundas 
the Charlotte Dundas, which was propelled by means of a stern paddle 
wheel driven by what was the first horizontal, direct-acting engine ever 
constructed. Henky Bell and Fulton, whose names are closely linked 
with the development of the steamboat, were present at the trial trip of the 
Charlotte Dundas, and the experience thus gained was applied in the design 
of the successful vessels which these engineers afterwards constructed. 
Fulton returned to his own country, America, and there in 1807 built the 
Clermont, to which was fitted a set of 20-h.p. engines constructed by 
Boulton & Watt, of Birmingham. This vessel was run for some time 
between New York and Albany, and was the first of a long series of 
successful attempts. Henry Bell, of Glasgow, in 1811 determined to 
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apply his extensive knowledge to the construction of a stejambo^t, and 
in 1812 his boat, the Cornet^ made its first voyage. This vessel, the name 
of which was suggested by the appearance of the great comet of 1811, plied 
regularly between Glasgow and Greenock, and for many years its per- 
formances remained unsurpassed. From this time onwards the progress 
of steam navigation was rapid, and many improvements in the boilers 
and engines were introduced, but until 1819 no serious attempt to cross 
the ocean in a steamship had been made. The auxiliary steamship 
Sitvannah^ which first crossed the Atlantic from Charlestown to Liver- 
pool, was a full-rigged ship, to which engines and paddle wheels were 
added. When the wind was favourable the paddle wheels were discon- 
nected and hoisted on deck, as the coal capacity of the bunkers was too 
limited to permit of the engines being run for a long period. 

The Great Western. — At the British Association meeting of 1837, 
at Liverpool, the subject of ocean steamers was considered, and it was shown 
by calculation that steam communication with America could not be con- 
ducted at a profit, as the quantity of coal required for a voyage under 
continuous steam would not leave sufficient room for the carriage of cargo. 
These conclusions were within a year disproved by the voyages of four 
ships across the Atlantic under continuous steam, and one of these steam- 
ships, the Great Western^ earned for its owners a dividend of 9 per cent. 
The hull of the vessel was of timber trussed with iron, and the gross weight 
was 1320 tons. Her engines, built by Maudslay, Sons, & Field, developed 
750 h.p., the cylinder diameter being 73.5 in. and the stroke 7 ft. The 
average speed was from 8 to 9 knots, and the average voyage occupied 
about fifteen days, during which time about 600 tons of coal were burned. 
Although the wooden hull of the Great Western, which had an extreme 
length of 236 ft., showed no signs of weakness after many stormy passages, 
it was evident to the designers of ships that it would be impracticable to 
employ timber for the structure of ships of over 3CX) ft. length. The hull 
of a vessel at sea is subjected to stresses of a very variable and compli- 
cated kind. It may at one moment be water-borne near the ends upon 
two waves, in which case the structure may be compared with a uniformly 
‘/loaded girder supported at the ends, and immediately afterwards it may 
be supported near the middle. Under such conditions the upper and 
lower portions of the hull are subjected to stresses which change frequently 
from tension to compression. Forces of a still more complicated nature 
are called into play as the ship rolls and pitches, and it is necessary to 
make ample provision for both transverse and longitudinal stiffness. 

. The Great Britain and Great Eastern.— With the advent of 
the Great Britain, built at Bristol in 1843 from the designs of Mr. Brunel, 
the use of iron for shipbuilding became firmly established, and all large 
vessels thereafter were so constructed. The Great Britain is notable, not 
only on account of its size and of the use of iron throughout; but also as- 
regards the method of propulsion, a propeller being used instead of paddle 
wheels. In the year 1856 the introduction of the system of compound* 
expansion gave further impetus to the already rapid progress of steam 
navigation, as the consumption of coal was. reduced to almost one-half of 
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what it had: lb!e< 9 a.ftHi|b 9 best d^i^ed and most economical marine engines, 
and the' caigp>cai;Tjdng capacity was proportionately increased. Provided 
full cargoes are always obtainable, a single large ship is more economical 



than a number of smaller ships which together have the same cargo 
capacity; and the tendency has therefore been with the growth of traffic to 
increase the sizes of cargo ships. In the case of the Great Eastern, which, 
so far as size and loaded displacement are concerned, was only surpassed in 
1905 by the White Star liner Baltic, the main intention of the promoter. 
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Mr. I. K. Brunei, was to build a veksef^ich'wpuia oe a^e^io coippieie tne 
voyage to Australia without having to cod at an* intbriin^iate i^tation. 
With Mr. Brunei was associated Mr. Scott Russell, who was responsible 
for the main features of the hull design; but to Brunei is due the credit of 
having proposed the cellular construction adopted for the bottom and 
upper deck. Scott Russell, on the other hand, introduced the system of 
longitudinal and transverse bulkheads, which provide the necessary stiffness 
and also divide the hull into separate water-tight sections. The length of 
the ship between perpendiculars was 680 ft., the breadth 83, and the depth 
from upper deck to keel 58 ft. Her gross tonnage was nearly 19,000, and 
the loaded displacement 32,000 tons. Both systems of paddle and screw 
propulsion were adopted, and in addition she was provided with sails, as 
shown in the illustration, fig. 600. For driving the paddles a two-cylinder 
oscillating engine of 5000 i.h.p. was used, and for driving the propeller 
a trunk engine of 6600 i.h.p. was installed in a separate engine room. 
Steam at a pressure of from 25 to 30 lb. per square inch was supplied to 
the engines by boilers of the Box tubular type, and the sea speed attained 
was from 13 to 14 knots, with a daily coal consumption of 350 tons. 

Steel Ships. — As in the case of the substitution of iron for wood, a 
further reduction of about 15 per cent of the weight was effected by the 
introduction of mild steel, which is now universally employed, but its 
introduction was not accomplished without several failures, due chiefly to 
defects of composition and manipulation, which have now been entirely 
overcome. With the further development of the steel industry it is 
probable that still stronger and more ductile materials may become 
available for the building of ships, and already high-tensile steels are 
being used in conjunction with mild steel for the hulls of torpedo craft, 
where strength and lightness are essential features. 

Triple-expansion Engines. — A further stage in the progress of 
steam navigation was reached in the year 1874, when it was practi- 
cally demonstrated that the use of triple-expansion engines meant a 
still further reduction of the coal consumption and an increase of the 
cargo capacity of the vessel. Quadruple - expansion engines have also 
been fitted to a number of ships, but it is doubtful if any marked 
advantage is to be gained by dividing the expansion over a greater 
number of stages, and at preserit the high steam pressures and tempera- 
tures that would warrant a Further increase of the stages of expansion 
cannot in practice be readily obtained or employed. 

Turbine Steamers!— ^With the introduction of the steam turbine the 
whole aspect of ship propulsion has undergone a remarkable change, and 
already the reciprocating engine has been extensively superseded by it for 
certain classes of vessels. In the reciprocating engine the extent to which 
the steam can be expanded is limited by the permissible size of the low- 
pressure cylinders, whereas in the turbine the flow of the steam is con- 
tinuous, and the expansion can be carried to a much greater extent. 
There are, however, certain disadvantages which so far have prevented 
the general adoption of the turbine. 

As has already been explained in a previous section, to obtain the 
voL. VI ‘ 120 
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maximum economy the rotor vanes of a turbine must move at a linear 
speed determined by the steam pressure across each stage of the turbine. 
By increasing the number of stages, as in the Parsons mixed system, the 
speed of rotation can be reduced, but for mechanical reasons it is not 
possible to increase the overall length of the turbine beyond certain limits. 
If the speed be reduced by increasing the diameter of the rotor the weight 
of the plant becomes excessive, and at the present time no great saving of 
weight is effected by the use of turbines, especially when account is taken 
of the gn^ter bulk of the condensing plant involved. It is in the diffi- 
culty of finding a propeller that will efficiently transmit a large. power at 
a high speed that is the chief objection to the use of marine turbines. It 
will be evident that in the design of a marine turbine installation a com- 
promise must be made between the turbine and the propeller to obtain 
the best combined efficiency. In the case of . one large modern battleship 
the total power of 24,000 h.p. is divided over four sets of turbines and 
four propellers, each of which has to transmit about 6000 h.p., and the 
speed adopted is 350 revolutions per minute. In the case, however, of 
a smaller vessel, in which each of the three propellers has to transmit 
about 1000 h.p., a speed of 600 is possible, and the weight of the turbines 
is proportionately very much less. Various mechanical and hydraulic 
transmission devices designed to transmit the power of the turbines to 
the propellers at a reduced speed are at present being experimented 
with, and already good results have been obtained in the Vespasian, a 
vessel of 4350 tons displacement fitted with spur reducing gearing. 

Another disadvantage of the marine steam-turbine system lies in the 
necessity for separate reverse turbines, as the direction of rotation of 
the turbine rotor cannot be changed at will. These reverse turbines are 
usually contained in the same casings as the low-pressure turbines, and 
\\rhile the latter are 'rotating . the shaft in the ahead direction, the blades 
of the low-pressure turbine rotate idly in the vacuum of the condenser 
with but slight friction losses. 

By a combination of the reciprocating engine and the steam turbine 
the advantages of both systems may to a large extent be retained, and 
this arrangement has recently been adopted in several large ships. The 
exhaust steam from the main reciprocating engines and from the auxiliary 
engines is further expanded in the exhaust-steam turbine, the vacuum for 
which is maintained by a specially designed condensing plant, and it is 
possible that the future of the turbine lies in this direction. 

To overcome all propeller difficulties, and at the same time to dispense 
with the reverse turbines, it has been proposed to drive the propellers at 
a moderate speed by means of motors supplied with current from turbo- 
generator sets. Such an arrangement would appear to have many ad- 
vantages under the present conditions, but as further experience is gained 
in the design of mechanical reducing gears and other devices, the necessity 
for the arrangement proposed will doubtless become less. 

Marine Boilers. — For the generation of the steam supply, cylindrical 
Scotch boilers are still almost universally employed in merchant vessels, but 
for large passenger steamers and warships other types have been very gene- 
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rally adopted either in place of the Scotch boiler or in addition to it. A 
cylindrical boiler of the Scotch type has the great advantage of simplicity 
and, when well attended to, of durability. It cannot, however, be made 
to increase rapidly its output when a sudden demand is made for. more 
steam. Water-tube boilers have the advantage of greater flexibility as 
regards rapidity of steaming, and to some extent they do not constitute 
so grave a danger in the event of an explosion, as the quantity of water 
contained by them at any moment is comparatively small. For warship 
purposes, where compactness is of first importance, and where the avail- 
able headroom under the protective deck is small, water-tube boilers are 
particularly suitable and are very generally installed. The smallness of 
the parts and the ease with which they may be removed or repaired are 
also important features which do not belong to the cylindrical boiler. 
Recent proposals have been made to substitute gas producers for the 
boilers, and internal-combustion engines for the steam engines or turbines, 
hitherto used, and at the same time to dispense with the auxiliary plant 
necessary for the working of the steam installation. Experiments upon 
a small scale only have been carried out, but the chief objections appear 
to lie in the difficulty of starting and reversing, and to troubles arising from 
unclean gas. Large gas engines cannot yet be depended upon to run con- 
tinuously for long periods, and a similar objection exists in the case of 
producer plants. 

- Typks of Vessels. — Numerous types of vessels have been gradually 
evolved to meet the requirements of particular kinds of traffic, and there 
are now generally recognized forms which have been found to be best 
suited to certain routes. In general the arrangement of a large cargo 
steamer is such that the capacity of the forward hold is about equal to 
that of the after hold, which is separated from the former by the engine- 
room and boiler spaces. This arrangement permits of a better distribu- 
tion of the cargo, and does not necessitate the extensive use of ballast 
tanks^ for trimming purposes when carrying a full cargo of homogeneous 
materials such as grain, but there are other arrangements in which the 
engines and boilers are placed farther aft, thus reducing the length of 
the propeller shafting and the tunnel spaces, while the forward and middle 
portions of the hull are left more free for cargo purposes. In vessels which 
may be required to carry homogeneous cargoes of grain or coal, the holds 
are not subdivided by decks, which would prevent access for trimming 
purposes in the event of the cargo shifting. 

WF-LI--DECKER SHIPS derive their name from the open space or 
well provided between the forecastle and the bridge house. These ships 
posseiSit excellent seagoing qualities and are not readily swept by waves 
entering over the bows. In such a case the water is caught by the well, 
from ivhich it passes away through the large scuppers provided. A novel 
single'^deck construction, known as the TURRET TYPE, which has come 
into extensive use for the carriage of homogeneous cargoes, is illustrated 
in fig.j6oi, from which it will be seen that the sides are bent inwards at a 
level above the water line, and are then carried upwards again to form 
the so-called, turret, which serves as the navigating and cargo-working 
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deck. The engines are situated at the after end, an arrangement which 
ensures the propellers being sufficiently immersed when the holds are 
empty, and which leaves the deck clear for the working of the cargo. A 
somewhat similar construction, which provides a large additional water- 
ballast capacity, is shown in section in fig. 602. In this arrangement the 
sides of the ship are carried up as shown to form wing ballast tanks, which 
are used when the vessel is sailing in ballast, as is frequently necessary in 
the British import trade with America. 

A special type of vessel has also come into extensive use for the 





Fig. 60a.— Section of Vesiel showing Wing Ballast Tanks 


carriage of petroleum in bulk, in which case the oil is pumped directly 
into or from the holds when loading or discharging. As the bulk of the 
oil varies considerably with changes of temperature, it is necessary to 
make provision for e.\pansion, and this is generally done by carrying 
trunks upwards from the deck. If, then, the bulk increases, the oil is 
free to rise in the trunk, and all danger of a serious increase of pressure 
in the holds is avoided. To prevent violent surging of the oil, when the 
tanks are only partially filled and when the ship rolls, the holds are 
divided by longitudinal bulkheads, as well as by numerous transverse 
bulkheads. When the engines and boilers, are placed amidships, double 
, bulkheads are arranged aft and abaft of them, and the spaces between 
are either fill^ with water or kept free of oil by special pumps. By 
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placing the machinery right aft, only one set of- bulkheads is required, 
and this arrangement is one that is frequently adopted. In addition to 
the pumps required for handling the cargo, it is necessary to install 
ventilating fans for sweeping out the highly explosive mixture of air 
and oil vapour which accumulates in the bottom of the tanks after the 
discharge of the oil. 

For the frozen-meat trade the cargo spaces of the special steamers 
employed are subdivided into compartments which are lagged with non- 
conducting materials to prevent the entrance of heat,- and a low tempera- 



Fig. 693.-7-Tlie Hall Refrigerating Machine, ..Carbonic, Acid System 


ture is maintained by means of refrigerating machines, of which there ate 
several types. In one of the most generally used systems (hg. 603) the 
low temperature is obtained by the expansion of liquid carbonic acid, 
which, in the act of expanding against a resistance, absorbs heat from 
the surrounding bodies. Cooled brine is circulated in pipes through the 
various cargo chambers, where it absorbs the heat of the air, and then 
through the refrigerator, where its heat is abstracted by the expanding gas. 

Passenger Steamers. — -The development of the modem passenger 
steamer has been largely determined by the public desire for speed, safety, 
and comfort. This preference of the public has resulted in a strong rivalry 
between the shipping companies of Britain and other countries, and, as a 
rsesult, the sizes and the speeds of mail passenger steamers have steadily 


NAVIGATION 


*59 


increased. A considerable increase of speed is only obtainable by a very, 
considerable expenditure of coal, and the cost of running certain express 
passenger liners has already exceeded their unaided earning powers. In 
the case of the Kaiser Wilhelm //, of the North German line, and of the 
Lusitania and Mauretania, of the Cunard Company, the expense of 
running these vessels is, to some extent, met by Government subsidies, 
as it is of importance to the Governments concerned that very fast vessels 
should be available for transport and scouting duties in the event of war. 

To the desire for comfort may, to some extent, be attributed the large 
increase in the sizes of ships that has taken place in the transatlantic 
passenger trade. As the size of the ship is increased the effects of the 
waves become less, and in the largest vessels there is little discom- 
fort from the rocking and pitching of the ship under even the worst 
weather conditions. Exce.ssive rolling of ships is partly prevented by 
the use of bilge keels projecting from the sides of the vessel; but other 
devices have been employed to reduce still further the disagreeable rolling 
which causes so much di.scomfort to many passengers. In one arrange- 
ment, which was first adopted in H.M.S. Inflexible, and later in the City 
of Paris, the period of rollfng was damped by the motion of a large body 
of water enclosed in a specially formed tank. As the ship heeled over, the 
water tended to flow from one portion of the tank towards the other, but, 
by retarding the flow, the motion of the water was made to oppose that of 
the ship. Trials have recently been carried out with other arrangements, 
in which the damping of the rolling motion is effected by means of heavy 
rotating flywheels, or of large heavy masses of metal constrained to move 
in definite paths; but the masses required are considerable, and only the 
water-tank system has so far survived the experimental stage. 

Safety. — In the early days of ocean travelling the risks incurred by 
the passengers were very great, and ve.ssels were frequently lost through 
perhaps some minor accident to the hull, which in ships of modem design 
would have had no serious results. Accidents still occur, and no vessel, 
however well equipped or designed, can be considered safe from disaster. 
Considering, however, the magnitude of the passenger traffic of the present 
day, and the number of miles traversed, the percentage of losses is remark- 
ably small. Ocean travelling has been rendered comparatively safe as a 
result of the improvements that have been effected in the construction of 
ships, in the charting of the seas, in the lighting of the coasts and shoals, 
and in the installation of wireless-communication apparatus upon the 
larger passenger ves.sels. 

In the Great Eastern an important feature was the double bottom, a 
.system that has been retained in all modem vessels. An accident to the 
outer skin alone of the vessel, such as might occur through the grounding 
of the ship or through collision with some submerged object, may not then 
involve more than the flooding of the space between the outer and inner- 
shells; and there are instances where the safety of the ship has been due. 
entirely to this feature. In the event, however, of the inner shell being 
pierced, the ship would probably founder if it were not for the arranger 
ment of transyerse bulkheads which divide the hull into a number of 
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entirely separate water-tight compartments. With one compartment 
flooded the ship is designed to be capable of still floating, and in many 
of the most modern ships two or more of the compartments may be 
flooded without serious danger of foundering, even in moderately rough 
weather. In the section (fig. 604) of the old Inman liner the Ct/y of 
Paris, built at Glasgow in 1888, the division of the 
hull by decks and by vertical water-tight bulkheads 
is clearly indicated; but in this case the bulkheads 
are pierced by no water-tight doors^ and the only way 
of passing from one compartment to another is over 
the top of the bulkhead at the level of the upper 
deck. This arrangement is the only really safe one, 
but it is very inconvenient; and in later vessels other 
than the most recent battleships water-tight doors are 
placed at the various important deck levels. Means 
are provided for closing these doors rapidly in case of 
necessity, and in many cases the more important ones 
below the water line may be operated from one upper 
position. Automatic arrangements have also been 
devised for closing the doors when the water rises 
beyond a certain level in any compartment, but 
reliance cannot be placed upon any such devices 
alone. With the adoption of two or more propellers 
and sets of engines the danger of total disablement 
when far from land has been largely reduced, since 
in the event of an accident to one of the engines 
or the fracture of a propeller shaft it may still be 
possible to bring the ship into port at a lower speed 
with the remaining engines. By dividing the total 
power over two or more sets of propellers and engines 
the sizes pf the parts are also considerably reduced, 
and in the case of the Kaiser Wilhelm II some sub- 
division of the power is essential for this reason alone. 
There are in the Kaiser Wilhelm II two propellers 
driven by four sets of quadruple-expansion engines, 
which develop a total power of 45,000 h.p. 

Lusitania and Mauretania. — Until the 
Cunard turbine-driven liners the Lusitania and the 
Mauretania were built, the Kaiser Wilhelm //, which 
was constructed at Stettin for the Norddeutscher 
Lloyd Company, held the transatlantic record for 
speed. Her highest mean speed was over 23J knots, her designed speed 
being 23 knots. This record has now been broken by each of the later 
Cunard ships, the Lusitania and the Mauretania, which were designed 
for the very considerably higher speed of 25 to 26 knots. These large 
vessels are each propelled by four screws driven by four sets of turbines, 
and at the time they were designed there were few data of a compar- 
able nature upon which to base the calculations. To obtain the desired 




INLAND WATERWAYS i6i 

speed a total power of 68,000 h.p. was provided, and this power is divided 
equally over the four propellers. Before the vessels were constructed some 
valuable experience was gained with two turbine-driven vessels, the Vir- 
ginian and the Victorian^ which were built for the Allan Line Company; 
and towards the end of the same year (1905) the Cunard Company built 
two large liners, the Caronia and the Cannania^ which for purposes of 
comparison were fitted with reciprocating and with turbine engines respec- 
tively. As far as possible the vessels were purposely designed to be sister 
ships, so that a true comparison of the systems of propulsion might be 
obtained. The Caronia was provided with two sets of quadruple-expan- 
sion engines capable of developing a total of 22,000 h.p., while in the 
case of the Carmania three sets of turbines of the same total power were 
installed. Although the results at first obtained from the two former 
vessels dief not satisfy all expectations, the results obtained during the 
comparative tests of the Caronia and the Carmania were such as to prove 
the suitability of the turbine for the propulsion of large high-speed vessels. 


CHAPTER XIII 

INLAND WATERWAYS 

Canal v. Railway. — Inland navigation of the natural waterways 
and canals of this country has been the subject of much controversy 
within recent years, and the advisability of improving this system of 
transport has been recently under the consideration of a special Royal 
Commission. Upon the Continent and in America the deepening and 
widening of the waterways has resulted in a large increase of the inland 
water-borne traffic, and, although the conditions are not in all respects the 
same, it is held by many that an improvement of the canals and of their 
equipment would result in considerable economies in this country also. 
At the present time the Midlands of England are traversed by numerous 
canals which stretch from the Mersey and the Humber to the Thames, and 
which connect the larger inland centres with the principal seaports. Many 
of these canals are, however, of small size, and suitable only for barges of 
not more than 50 tons capacity ; but certain portions, such as those under 
the control of the River Weaver Navigation Commissioners, have a depth 
of at least 10 ft, and are capable of accommodating boats of from ^00 
to 3SQ tons capacity. Experience has shown that the traffic upon canals 
can only be successfully conducted in competition with the numerous rail- 
roads of this country when the loads that can be carried upon a single 
bottom are large, as in the case of the River Weaver Canal, where single 
cargoes of from 200 to 300 tons are common. 

Canal Traction. — The power required to haul a boat along a canal 
is determined chiefly by the amount of the skin friction, and also by the 
character of the waves that are formed by the vessel as it moves through 
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the water. From the interesting investigations of Scott Russell, made 
about the year 1834, it appears that the formation of waves ceases alto- 
gether when the speed of the vessel is increased beyond a certain critical 
point determined by the depth of the water, and that at this high speed 
the power required to haul a boat upon a canal is greatly reduced. At 
speeds below the critical point the position of the bow wave is such that 
the boat lies upon its rear slope, and there is therefore a considerable 
resistance to the motion. As the speed is increased, the wave length also 
increases; but when the critical velocity is reached and then passed the 
waves become short and high, and then practically cease. This remark- 
able fact, which was first demonstrated by Scott Russell in the experi- 
ments referred to above, led to the introduction of the early flyboat 



Fig. 605.— Electric Locomotive Towing Canal Baigei 


passenger services on the Glasgow and Ardrossan and the Forth and 
Clyde" Canals." Each boat was drawn by a- pair of horses at a speed of 
from 10 to 13 miles an hour, and at this speed the power required was 
much less than at lower speeds. Horse systems of this kind are, however, 
impracticable for any but the lightest kinds of traffic, and the flyboat ser- 
vices were not long continued. Traction upon the smaller canals is limited 
to speeds of about 3^4 miles an hour, owing to the destructive action 
upon the banks of the waves formed at higher speeds, and until some 
reconstruction of the waterways is eflected it is doubtful if the traffic upon 
the canals of this country will become gpreatly extended. Various systems 
of haulage have, however, been tried with a view to reducing the cost of 
transport, and elaborate systems of mechanical haulage have been installed 
upon certain Continental and American canals. Steam propulsion is very 
commonly used, but, owing to the erosion of the banks caused by the wash, 
the speeds are restricted to about 3 miles per hour. 

Petroleum and petrol motor boats, which consume a more expensive 
class of fuel, have also been experimented with, and petroleum -driven 
boats of from 6 to 40 h.p. are very extensively emplo)red upon the canal 
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systems of Holland for the transport of heavy cargoes. To any system of 
separate tractors running upon one bank there is the objection that the 
tractors must be exchanged whenever the boats require to pass one 
another, and the first cost of installing the system is considerable. On 
the Charleroi Canal, in Belgium, and on the Douai section of the Canal 
d’Airc the tractors run upon the ordinary towing path ; but the system has 
not proved economical, and the wear of the tractors and of the road surface 
is very great. At Douai, tractors of 10 h.p., weighing about 2 or 3 tons, 
are used, and the current is supplied by means of overhead wires. Three- 



Fig. 6o6.<»Electric Tnetor for Ckiml Buget 


phase current collected by three sets of trolleys is used in the case of the 
Charleroi system, and the cost of installing was particularly heavy. 

On the Teltow Canal, in Germany, an electrical towing system of the 
most complete description was installed in 1905, and in this case the 
tractors run upon rails on both banks of the canal. Continuous current 
at a pressure of 550 volts is supplied to the locomotives from overhead 
conductors, and each locomotive is driven by two 8-h.p. motors, which 
together are sufficiently powerful to haul two 6oo-ton barges at a speed 
of 2^ miles an hour. At higher speeds the wash of the vessels has a 
serious effect upon the banks, and the waterway becomes quickly silted 
up. For these reasons, and also on account of the greater power required 
it has been found necessary to limit the speed to not more than 2^ miles 
per hour. In the illustration (fig. 605) one of the locomotives is shown 
towing three batges, and in fig. 606 is clearly indicated the arrangement 
of the locomotive which was constructed by the Siemens-Schuckert Com-> 
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pany of Berlin. In the United States of America electrical haulage has 
been experimented with on the Erie Canal, which has suffered to some extent, 
so far as traffic is concerned, through the increased competition of the 
railways. In the Erie Canal installation, which has been recently aban- 
doned, electric tractors were employed for towing the barges; but the 
tracks, instead of being on the road level, as in the other systems men- 
tioned, were carried upon an overhead rail. 

Locks and Lifts. — Ovying to the costly cuttings and tunnels that 
would be required, it is rarely possible in the design of a canal to so 
arrange the levels that locks are unnecessary; but, so far as the require- 
ments of the traffic permit, the route is so chosen as to involve as small 
a total rise and as few locks as possible. Each time a vessel is passed 
through a lock, either upwards or downwards, it is at the expense of a lock- 
ful of water, which must be replaced by the inflow of water at a higher level, 
and the adequate supply of water at the higher levels is often a matter of 
serious importance. In Belgium and Germany, where the equipment of 
the canals has been carried out on a very complete scale, the use of locks 
is in many cases dispensed with, and hydraulic lifts arc employed for the 
purpose of raising or lowering the heavy barges from one level to another. 
Lifts of this kind, which do not involve a serious loss of water, are installed 
at Les Fontinettes in the Pas de Calais, and at La Louviere in Belgium. 

Suez Canal. — The great networks of canals that now connect the 
industrial centres of all the civilized countries may be compared with the 
railway systems, with which they have to compete for the heaviest classes 
of traffic. They supply a ready, and in many cases a very cheap, means of 
transport, and to a large extent the industrial activity of many districts is 
dependent upon them. Other considerations than the direct earning power 
of the canal have determined the construction of certain large waterways, 
capable of passing modern vessels of the greatest draught. Of these the 
most important is the sea-level Suez Canal, which connects the Mediter- 
ranean with the Red Sea and provides the shortest and most convenient 
route to the countries of the East. When the proposed designs were con- 
sidered by the original Commission appointed in 1855, it was decided to 
adopt a uniform depth of 26 J ft., with a minimum bottom width of 144 ft. 
and a top width of* 262 ft, but for financial reasons the bottom width was 
reduced to 72 ft. Since the construction of the canal the section of the 
waterway has been repeatedly enlarged, and work is now in progress which 
will in the near future ensure a depth throughout of over 34 ft., and an 
average bottom width of about 140 ft Certain sections of the canal were 
formed by dredging, to the requisite depth. Lakes Menzaleh, Balah, 
Timsah and the Bitter Lakes, through which the canal passes, and an 
important feature of the system is the freshwater service channel, which 
it was necessary to construct alongside the main canal. From every point 
of view, whether political or commercial, the Suez Canal has proved itself 
to be an undertaking of the utmost value and importance, and one that 
has been an essential factor in the development of the Eastern trade. 

Manchester Ship Canal. — The Manchester Ship Canal connects 
Manchester with the sea, and makes it a port for the Lancashire area, with 
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its extensive network of inland canals. It is a purely commercial under- 
taking, and unlike other large waterways it has but little strategical impor- 
tance. Up to the present time the construction and equipment of this 
great undertaking has involved an expenditure of about ;^io,soo,ooo, and 
costly improvements are still in progress with a view to increasing the 
depth to suit vessels of 27^ ft. draught. At the present time the canal 
is regularly navigated by ships of 25A ft. draught, the clearance under 
the keels being in such cases about 15 in. On the Manchester ship canal 
the fall to the level of the Mersey estuary is considerable, and the locks 
employed are of a very large size, both as regards change of level and 
capacity. Owing to the industrial nature of the country traversed oy the 
canal, it has been necessary to provide numerous high-level and swing 
bridges, and at Barton, where the Bridgewater barge canal crosses the ship 
canal — but at a higher level — there is provided a swing bridge of a novel 
type. At each extremity of the bridge there is fitted a removable end, 
which can be lowered to prevent the escape of the water contained in the 
bridge section when the bridge is opened. 

Kaiskr Wilhelm Canal. — In the case of the Kaiser Wilhelm canal, 
which connects the Baltic with the North Sea, the importance of the canal 
is largely strategic, as it provides for the German fleet, when in the North 
Sea, convenient communication with the naval station at Kiel, and with 
the dockyards on the Baltic. To some extent its strategic value had 
diminished w’ithin recent years owing to the limited width and depth, which 
were insufficient for battleships of the largest size, such as are now under 
construction in Germany; but iij million pounds have been voted to the 
improvement of the canal, and the work of increasing the depth and width 
is being actively pursued. The canal, which was commenced in 1887 and 
completed in 1895, connects the Baltic, at a point near Kiel, with Bruns- 
biittel, near the mouth of the Elbe, the length of the waterway being about 
60 miles. Although the canal is essentially a sea-level one, it was con- 
sidered advisable to provide tidal locks at the Baltic end for the control of 
not only the normal tidal oscillations, which amount to about i or 2 ft, but 
more particularly of the considerable variations of water level at the two 
ends of the canal, due to the piling up of the water by strong winds. It 
was estimated that the tidal gates would not require to be closed on more 
than thirty days each year; but experience has shown that even the 
slight current arising from the comparatively small diurnal differences of 
level seriously increases the difficulty of navigating the candl, especially 
when passing through the lock entrances, which have a width of 82 ft., and 
the gates are now always used for controlling the flow of the water. 

Panama Canal. — For more than half a century the problem of 
forming a passage way between the Caribbean Sea and the Pacific, for 
vessels of the largest size, has been considered in great detail and from 
every point of view, and vast sums have been expended from time to time 
in carrying forward the con.struction of the Isthmian canal, which was com- 
menced by Lesseps about the year 1876. Other proposals have been 
made for the construction of a ship railway at Tehuantepec and for the 
driving of a large tunnel at Darien, but these schemes are chiefly remarkable 
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for their novelty. Apart from the great engineering difficulties that have 
to be surmounted in the construction of the Isthmian canal, the problem 
has until recent years been seriously complicated by political and other 
interests, and the failure of the original Lesseps sea-level scheme was 
brought about more by the operations of interested parties than through any 
insurmountable questions of design. In June, 1902, the United States Con- 
gress passed what is generally known as the Spooner Bill, which authorized 
the President to promote the construction of an Isthmian canal upon either 
the Nicaragua or the Panama route. This latter route closely followed 
the line of the original Lesseps canal, and was under the control of a 
PYench company, which had acquired the property after the failure of 
the Lesseps project. As a result of the negotiations of the Commission 
of which Admiral Walker was the head, the United States of America 
acquired, at a cost of 40,000,000 dollars, the whole property and interests of 
the French company; but the acquisition of the estate was not completed 
until the political stability was made secure by the formation of the 
Republic of Panama, which separated the canal zone from the Republic 
of Colombia. 

In accordance with the requirements of the Spooner Act, President 
Roosevelt appointed a Commission to supervise the construction of the 
canal, which it was required should as far as possible follow the Panama 
route, and which should be “ of sufficient capacity and depth to afford the 
convenient passage of vessels of the largest tonnage and greatest draught 
now in use, and such as may be reasonably anticipated ”. These conditions 
necessitated the construction of a canal of a considerably greater section 
than any proposed under the previous schemes, and it was decided to adopt 
a depth of 40 ft. Although the route was specified by the Spooner Act, 
the question of the actual design of the canal, was left open, and, as expert 
opinions differed greatly, it was considered advisable by President Roose- 
velt to appoint an International Board of Consulting Engineers, whose 
function it was to consider the types proposed, and to advise him as to their 
respective merits. Of the thirteen members appointed, eight were repre- 
sentatives of the United States, while four were nominated respectively by 
the Governments of Great Britain, P'rance, Germany, and Holland, and the 
fifth by the Suez Canal Commissioners. The majority of the board re- 
ported in favour of a sea-level canal, with tidal locks at the Panama end for 
the control of the tidal fluctuations, which sometimes amount to 20 ft. in 
the Bay of Panama on the Pacific side, and only 2 ft. in the Caribbean Sea. 
The minority of five members were in favour of a high-level canal with 
series of large locks, which were strongly objected to by the majority, on 
account of the difficulty and danger likely to be experienced in their navi- 
gation by large vessels, and on account of the ease with which the locks 
might be obstructed by an enemy or damaged by earthquake shocks. 
These objections, with the exception of the last, might however be ad- 
vanced with equal reason in the case of the sea-level canal scheme, which, 
moreover, involved a longer time for construction ; and for these and other 
reasons the scheme proposed by the minority was approved by the Isthmian 
Canal Commissioners, and sanctioned by the Government in 1906. 
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On the ' Isthmus of 
Panama the chief features 
are the Chagres River, the 
waters of which must be 
adequately controlled, and 
the moihitainous country 
at Culebra, through which 
the canal must be cut for 
a distance of 7 or 8 miles; 
but although the quantity 
of material to be excavated 
is very great, no excep- 
tional engineering difficul- 
ties have to be overcome, 
as in the construction of 
the large dams. 

U nder the sea - level 
scheme of M. Bunan- 
Varilla, which was recom- 
mended by the majority 
of the International Board, 
but not approved by the 
Canal Commission,- it was 
proposed to construct a 
large tidal lock at the 
Panama end and to con- 
trol the Chagres River by 
means of an immense dam 
at Gamboa, and by other 
dams of smaller dimen- 
sions. At the Culebra 
section it would have been 
necessary to cut down to 
'a depth of 40 ft. below the 
mean tide level, a total 
depth from the summit of 
250 ft, and the time re- 
quired for the construction 
of the sea-level canal would 
have been largely deter- 
mined by the progress that 
could have been made in 
the Culebra cut. As the 
Chagres River crosses the 
route, and as the bulk of 
its water under such a 



scheme must find its way 

to the ocean .through the waterway, there would have been in the canal 
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a current of nearly 2^ miles per hour; and as the course for a length of 
19 miles comprises a number of curves, the navigation of the canal, so far 
as yery latge vessels are concerned, would not have been free from danger. 
BoA schemes have undoubted advantages, and it would appear as if the 
decision to proceed with the construction of the locked high-level canal 
wai determined largely by the questions of the cost and the time that 
would be required to complete it 

According to the locked-canal scheme (fig. 607), the Chagres River 
with its tributaries will flow into an immense lake, which will form the 
high-level link of the canal, extending for about 30 miles of the total 
length of SQ miles. It is proposed to construct the lake at a level of 



Fif. 608. — Old French Excavators at Work on the Panama Canal 


85 ft above the sea by placing a great earthen dam across the valley at 
Gatun, near the Atlantic end; and as the area flooded will be i6o sq. 
miles, the reserve of water will be amply sufficient, even in the driest 
season, for all probable locking requirements. Three other, but smaller, 
dams will be constructed near the Pacific end, and at some future date 
it is proposed to construct a large additional reservoir at 'Alhajuela, on 
the Upper Chagres. From these lakes an ample supply of water may 
be expected at all times, and where the canal passes through them the 
waterway will have a breadth of over >1000 fl. for more than one-third 
of the whole distance. Three equal pairs of locks, each 1000 ft. long 
and 100 ft, wide, will be constructed at Gatun, to raise the vessels in 
three stages 'through the height of 85 ft. from the sea level to that of 
the high-level lake, and the whole ascent will be made in a length of 
about I mile. At the Panama or Pacific end the descent will be made 
through similar locks, one at Pedro Miguel and two at Miraflores. 

^ When the United States took over the property of the French company 
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the purchase price included the whole of the existing plant, but owing 
to the rapid deterioration which takes place under the tropical conditions 
existing on the Isthmus, much of the machinery had to be abandoned. 
The present American engineers testify, however, to the general excel- 
lence of the work of the French engineers and to the usefulness of their 
machines, many of which have been repaired and are now in constant' 
service (fig. 608). Within recent • years great improvements have been 
effected -in the methods and the appliances used by the civil engineer. 
Hand labour, whidi was largely employed, especially in the latter stages 
of the French operations, has been superseded by more powerful and 



Fig. 609.— 95-ton Steam Shovel at Work in the Culebra Section 


efficient appliances. In the Culebra cut, the material, which is of too 
hard a nature to be excavated directly by the steam shovels, has to be 
brought down by blasting before it can be removed, but in the case of 
the powerful 95-ton steam shovels (fig. 609) the amount of blasting 
required is much less than in the case of the less -powerful shovels. 
Rock drills of very modern types are used for preparing the shot-holes, 
and the debris is loaded into the dump wagons of the train by the 
shovels, which are steadily advanced as the material is removed. 

A work of the magnitude of the Panama Canal involves subsidiary 
works which in themselves are important undertakings. Throughout the 
entire route it has been necessary to establish railway communication 
for the transport of passengers and material, and the work of doubling 
the original track is being rapidly proceeded with. In addition, many 
miles of service tracks have to be continually laid and relaid to suit 
'the progress of the work, and for this purpose special track -shifting 
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appliances have been devised by the engineers. Trouble is often expe- 
rienced, especially in the rainy season, from flooding, and, apart from 
the time lost through interruption of the operations, the labour involved 
in repairing the damage done is frequently great. These engineering 
difficulties are, fortunately, not insuperable, and to overcome them is a 
question of time and money only. On the other hand, the construction 
of the canal has necessitated the solution of other problems of an economic 
and hygienic character. At the present time over 30,000 persons are 
engaged on the Isthmus, and the tropical conditions are such as to 
endanger the lives of even acclimatized persons It is doubtful whether 
the work could have been successfully prosecuted if the action of the 
Anopheles and Stegomyia in spreading malaria and yellow fever had not 
been discovered and the cure determined. Civilized life has been made 
possible in the city of Panama, where everything necessary for the health 
and well-being of the workers has been supplied; and one of the most 
important branches of this great work has been the establishment and 
equipment of efficient hospitals. Without these hospitals, and without 
the constant attention that is devoted to the health of the workers, the 
operations could not be carried on without the sacrifice of many lives. 


CHAPTER XIV 

AERIAL NAVIGATION: AIRSHIPS— HEAVIER- 
THAN-AIR MACHINES 

Introductory. — In attacking the problem of aerial navigation little 
assistance has been obtainable from a consideration of the experience 
obtained in other spheres, and to some extent the failures of pioneer 
investigators have been djiie to a too ready acceptance of theories deduced 
from the behaviour of bodies floating in other fluids, such as water. Prob- 
ably the closest analogy to an airship is a submarine when running sub- 
merged, but the conditions are so widely different that the data gathered 
in the one instance cannot be usefully applied to the other. It is only 
the broad general principles that are common. Air near the surface of 
the earth has a density of about one eight-hundredth part that of water, 
and for equal buoyancy the volume of an airship must be correspondingly 
great. As a practical means of transporting merchandise the value of an 
airship is therefore negligible compared with that of a water-borne vessel. 
Apart from the question of density, air differs greatly from water in the 
nature, velocity, strength, and irregularity of the air currents, which may 
flow both vertically and horizontally, and which often are very different at 
different levels. Atmospheric currents are due to the expansion and dis- 
placement of large masses of air under the heating action of the sun and 
the earth, and considering the variable nature of climatic conditions it is 
improbable that they can ever be satisfactorily predicted. An airship, to 
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be of practical valu^ must be sufficiently powerfol to advance . 

wind current of average strength, and thus be independent of favoambte. 

currents which may possibly exist ait some other level. 

Airships and Flying Machines. — ^There are two distinct questions 
involved in the problem of aerial navigation. The first of these concerns 
the upward movement of the body against the action of gfravity, while 
the second concerns its propulsion through the air. There are, in addition, 
secondaiy questions of great importance, such as stability and control, 
but a first general distinction between aerial ships and flying machines 
can be based on the two main questions alone. In an AERIAL SHIP, such 
as the Zeppelin or the Lebaudy or the Farseval, the buoyancy is obtained 
by means of a light envelope filled with hydrogen or some other gas 
having a less density than air, while the propulsion is independently 
effected by means of an engine-driven propeller. In an AEROPLANE, on 
the other hand, the upward-lifting force is obtained dynamically as a 
result of the upward reaction on an inclined plane driven forwards through 
the air by a propeller. The support of the aeroplane machine in the air 
is thus dependent upon its forward motion, but it has been proposed, and 
at some future time it may become possible, to obtain the upward motion 
in the initial stage of the flight, by means of vertical propellers, flapping 
wings, or similar devices. 

Since the floating power of the airship depends upon the displacement, 
by means of a gas-filled envelope, of a large volume of air, the weight of 
which necessarily equals the total weight of the ship, the term “lighter 
than air” is commonly applied to airships, to distinguish them from 
“ heavier-than-air ” machines of the aeroplane type, which are not depen- 
dent upon the use of a gas lighter than air. 

AIRSHIPS 

Early Attempts. — Although the possibility of aerial flight was 
foreseen by early writers of even the fourth century, it was not until the 
year 1783 that any actual results of practical importance were obtained, 
and it is doubtful if the imaginative schemes of the early philosophers 
were based upon any real knowledge of the fundamental principles of 
the problem. On the 5th of June, 1783, after several years of experi- 
menting, two brothers, Joseph and Stephen Montgolfier, .sons of a 
French paper manufacturer, succeeded in causing a laige paper balloon 
filled with heated air to ascend to a height of over 300 yd., and from 
that date may be reckoned the commencement of the practice of aero- 
nautics. In their earlier experiments steam, the newly discovered hydrogen 
gas, and smoke were each u.sed for the inflation of their paper balloons, 
but without success. The steam at once condensed to water and allowed 
the air to enter, the hydrogen gas escaped immediately through the 
paper envelope, and the hot smoke quickly cooled. Success was only 
finally obtained by suspending under the open neck of the balloon a 
fire which maintained the high temperature and consequent low density 
of the.enclo^ air. Following the success of the Montgolfiers, Professor 
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Charles was enabled,' by the public subscription of the people of France, 
to undertake extensive investigations, and to him is due the construction 
of the first hydrogen-filled balloon. On the 19th of September of the 
same year, 1783, a laige Montgolfier balloon ascended from Versailles, 
carrying with it for the first tim6 living creatures. After a flight of ten 
minutes the balloon sank gently to earth with its passengers — a sheep, 
a duck, and a hen-^uninjured. About one month’ later, on the 21st 
October, Filatre de Rozier and the Marquis d’Arlande made a 
successful flight in a very large balloon of the Montgolfier type, and to 
them belongs the distinction of having made the first aerial ascent It 
is remarkable that Filatre de Rozi£^ was also the first victim, his death 
being caused by the explosion of his balloon, which was a highly dangerous 
combination of the Montgolfier and Charles types. 

For many years balloons were solely used for meteorolc^ical purposes 
or for sport, and little development took place, but their value for wai 
purposes was realized during the siege of Faris, where some use was 
made of them, and now the war balloon is an important part of the 
modern army field equipment 

Captive Balloons. — The motion of a free balloon carried along by 
the wind is remarkable for its stillness. There is no perceptible breeze 
and the only appreciable indication of the upward motion is the appear- 
ance of the receding earth or the internal pressure on the drums of the 
ears, due to the decreasing pressure of the air. In a captive balloon, 
which cannot move with the wind, the conditions arc very different. A 
simple spherical balloon anchored by a rope gyrates, and is so unsteady 
generally as to make satisfactory observations a matter of great difficulty 
and discomfort. To overcome the rotary motion, long, cigar -shaped 
envelopes, held near one end, were introduced; but new difficulties had 
to be overcome, the chief of .vhich was the danger of the balloon doubling 
up in the middle whenever, for any reason, the tautness of the envelope 
was not maintained. To pre.serve the form under all circumstances Major 
Von Farseval, in Germany, introduced within one end of the balloon 
a compensating balloon which could be expanded with air as required to 
compensate for any reduction in the volume of the gas in the main en- 
velope. With such compensators or ballonets, which were first proposed 
and adopted by Meusnier in France, the outer form can be kept very 
rigid, and they now are recognized as an essential feature of any non- 
rigid or semi-rig^d dirigible balloon which requires to be driven through 
the air. It was also found necessary in captive balloons of the cylindrical 
type to attach an external open-mouthed bag, which was expanded by 
the wind. This bag prevented the violent swaying of the balloon, which 
often was so great as to make the occupants of the car sick. 

Dirigible Balloons. — A free balloon, unprovided with any means 
of propulsion, is at the mercy of the wind, and completely beyond the 
control of the aeronaut so far as direction is concerned. He may, by 
rising or falling to another level, find a' favourable wind which will carry 
him in the desired direction, but even under the most fortunate con- 
ditions the possibility of reaching a predetermined destination is remote. 
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The free balloon is carried along -by the wind, and, since there is 
practically no relative motion between the balloon and the air, any 
directional control by means of steering rudders is impossible, just as 
in the case of a boat the rudder has no effect unless the vessel is moving 
through the water, and not merely \frith it It was recc^ized at an 
early date in the histoty of aeronautics that if a sufficiently light and 
powerful engine could be obtained, capable of driving the balloon through 
the air in which it floated, the problem of control would be ovcuwm^' 
and the remarkable advances that have recently been tn^de are ainmpf 
entirely due to the development of such a motor — the spirit* vapour 
internal-combustion engine of the motor car. 

If the engines of a dirigible are capable of propelling it through still 



air at a speed of, say, 10 miles an hour, it will be evident that the 
dirigible would be driven back by an opposing wind of any grater 
velocity, and since winds of greater velocity may be encountered during 
about 340 days of the year, the utility of such a low-powered airship 
is small. A considerably greater .speed can only be obtained by means 
of engines of very considerably greater power, because not only is the 
resistance due to skin friction much greater, but the increased weight of 
the engines necessitates a gas envelope of larger size, and therefore greater 
resisting surface. The progress of the dirigible balloon has from the be- 
ginning been determined by the development of the propelling machinery, 
and the failures of the early experimenters were generally due to the 
excessive weight relatively to their powers of the engines then available. 

In 1852 the engineer Giffard applied a steam engine to the dirigible 
balloon illustrated in fig. 610, and succeeded in advancing against a wind 
of over 6 miles an hour. Considering the weight of the engine, boiler, and 
otner apparatus required, such a result was very satisfactory. DUPUV DU 
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LdME, in the year 1872, completed a dirigible with which he hoped to 
communicate with the besieged city of Paris. Instead of using steam, he 
relied upon the muscular efforts of a number of men. His maximum speed 
did not exceed 5 miles an hour» and the endurance of the men did not 
permit of the speed being maintained for any considerable length of time. 
This balloon of Dupuy de Ldme is of considerable historical interest, chiefly 
on account of the triangular system of suspension links connecting the car 
to the envelope, a system generally adopted in modern dirigibles, and in the 
use of an internal compensator or ballonette, already mentioned in con- 
nection with the Parseval captive balloon. Electricity has also been used 
as the propelling force, but, considering the weight of the accumulators 
necessary for the power required, there is little prospect of success in 
this direction with the present means available. In the TiSSANDlER 
balloon of 1883 a i|^-h.p. electric motor was used for driving the propeller, 
and a speed of 8 miles an hour was attained. In the following year a 
more successful balloon was constructed by two French army captains, 
Reynard and Krebs, who attained a speed of 14 miles per hour. At 
the trials, which were carried out in calm weather, the airship La France 
was steered back to the starting-point, and this is the first instance of the 
kind in the history of dirigible balloons.. The accumulators and motors 
employed were of a special and much-improved kind, the weight per horse- 
power being less than one-half that of the Tissandier plant. 

Notwithstanding the promising results obtained, it was evident that no 
great advance could be made until some powerful and more concentrated 
propelling system could be devised, and it is to the development of the 
motor-car type of internal-combustion engine that the recent advances are 
principally due. 

Types of Modern Airships. — Modern dirigible balloons, or airships 
as they are commonly called, may be classified under three general types, 
which differ from one another in one important feature, the rigidity of the 
gas envelope. 

Upon this feature of rigidity of the envelope is based the classification 
of dirigibles into NON-RiGiD, Semi-rkjid, and Rigid balloons, each of 
which has certain advantages and disadvantages not possessed in the 
same degree by the others. 

Non-rigid Balloons. — As the name implies, the non-rigid type of 
balloon is dependent for its form upon the pressure of the gas, which keeps 
the envelope distended with sufficient tautness to enable it to be driven 
through the air at a considerable velocity, and. the safety of the ship 
depends upon the maintenance of the form. The Parseval Dirkublk 
is typical of the non-rigid balloons, wl^ich it is claimed are particularly 
suitable for war purposes. It has the common cylindrical or cigar-shaped 
form of all airships, rounded or pointed at one end or both ends, the overall 
length being about six times the diameter. Internally there are provided 
two Compensators, which can be inflated by means of a mechanically 
driven fan or ventilator. As the volume of gas in the balloon diminishes 
from any. cause, air can be pumped into the compensators, which occupy 
about one-quarter of the whole volume, to maintain the external form of the 
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envelope, upon which the safety of the non-rigid airship depends. The 
envelope is composed of a special rubber-texture fabric, applied in two 
layers of 3-ft.-wide strips arranged diagonally over one another. Externally 
the balloon is painted yellow to intercept the actinic sun rays, which have a 
deleterious effect upon the rubber. Along each side of the envelope are 
sewn strips to which the car suspension cords are attached, the weight being 
well distributed over the whole length. Tor lateral steering a vMtictd 
helm or plane, 80 sq'. ft. in area, is binged at the rear end to a fixed vertical 
plane of 200 sq. ft. area, which prevents any serious rolling of the balloon. 
Horizontal fins, each 172 sq. ft. in area, are also provided at each side of the 
rear end to diminish pitching, which if unprevented may jerk the car sus- 
pension ropes asunder. Several airship disasters have, been attributed to 
the failure of the suspension, as a result of the severe stresses caused by the 
violent oscillation or pitching of the balloon. The propeller and engine are 
carried by the car, and the arrangement of the suspensions is such that the 
car remains level, even when the balloon itself is considerably inclined. 
The engine, which has six cylinders and is water-jacketed, weighs 770 lb., 
and develops 100 h.p. while running at 1200 revolutions per minute. The 
propeller has a diameter of 14 ft., and consists of a frame of hollow steel 
tubes covered with fabric. 

As already stated, .steering in the horizontal direction is effected by 
means of a vertical rudder at the rear end. Another method, however, is 
adopted for the vertical control of airships, which can be made to ri.se to 
a higher level, or fall to a lower, without need of throwing out ballast or 
losing ga.s. In all three types of airships the balloon is inclined by various 
means, and is driven by the propeller in an inclined direction to the 
desired level. 

In the Parseval airship the inclination of the balloon is effected by 
transferring air from one of the internal ballonettes, say at the front end, 
into the compensator at the rear end, which thus becomes heavier and 
inclines the balloon upwards. As this operation of transferring air by 
means of the ventilator is not sufficiently rapid for certain emei^encies, 
a shifting weight is provided for altering the balance, and therefore the 
inclination, of the balloon as required. The semi-rigid airships constructed 
by Lebaudy Frires, and the rigid airships of Count Zeppelin, are provided 
with horizontal steering planes; but use is also made, especially in the latter 
ships, of moving weights for controlling the balance. . 

Semi-rigid Airships. — In the .semi-rigid type of airship the under side 
of the balloon consists of a flat rigid framework, to which the stability 
planes are attached, and from which the car with its engine and propeller 
is suspended. In this way a more uniform and definite distribution of the 
weight over the balloon is obtained without the use of a network of cordage, 
which greatly increases the skin friction. The semi-rigid type of airship 
is chiefly advocated in Francq, and much of the progress that has already 
been made in the science of aerial navigation by means of dirigibles is 
due to the perseverance and ingenuity of such French engineers as 
M. Henri Julliot, who has designed and constructed numerous ships 
for Lebaudy FRfeRES. 
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In November, 1902, M. Julliot, in conjunction with M. Lebaudy com- 
pleted an airship which fully realized the expectations of the designer and 
attained a speed of nearly 25 miles an hour. The Lebaudy /, as the ship 
was called, was unfortunately tom from its field moorings during a heavy 
gale in the summer of 1906, and was totally wrecked. A second ship, the 
Lebaudy II, was built with the assistance of the French military authorities, 
to whom it was ultimately presented, and at a still later date La Patrie, 
which was also lost in a gale, was constructed upon the same general lines. 
Disaster again followed the French efforts when the still more recent 
airship, the Ripublique, was lost, together with its crew, through the 



Fig. 611.— rir LtBoMtiy //Semi-rigid Dirigible Balloon 


accidental fracture of a propeller blade, and the consequent rupture of the- 
balloon envelope. 

In fig. 61 1 is illustrated the Lebaudy II, which is typical of the semi- 
rigid system. The illustration clearly shows the arrangement of the vertical 
and horizontal steering and equilibrium planes. The gas bag is cigar- 
shaped, and has an overall length of six times the diameter. At the 
forward end the envelope is sharply pointed to facilitate the quiet dis- 
placement of the air during flight, but at the after end a rounded form 
was adopted to provide the required support for the rear planes. At the 
base the envelope is attached to the rigid frame already mentioned, from 
which the car is suspended. Two propellers are employed, one on each 
side of the car, where the disturbance of the air is small, and a petrol motor 
is used for driving them. The petrol storage tank is shown in the illustra- 
tion, suspended immediately under the rear horizontal plane, where it is far 
removed from the hot engine and possible danger of ignition. 

Non-rigid and, to a lesser extent, semi-rigid balloons have the great 
advanti^ of portability, which for war purposes is an essential feature. 
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The gas bag, when deflated, and the parts of the car and the engine can 
be readily transported to the nearest balloon station, if for any reason an 
unexpected landing becomes necessary. Balloons of these types suffer, 
however, from the .serious disadvantage that their safety is dependent upon 
the tautne.ss of the envelope, and therefore upon the efficient working of the 
ballonette fan. If by accident the fans should become deranged, a landing 
would probably be necessary to avoid disaster, and in the case of a war 
balloon the landing might have to be made in the territory of the enemy. 
At the present time a large airship cannot be brought to the ground at 
places where efficient mooring facilities are not provided without great risk 



Fig. 61a.— The Zeppelin Rigid Dirigible Balloon 


of destruction, especially if the landing has to be made in the neighbour- 
hood of trees. 

Rigid Airships. — The numerous disasters that have occurred to French 
airships have generally resulted from a compulsory landing under un- 
favourable circumstances, and from the absence of sufficiently strong 
moorifigs. The rigid type of balloon, with which the name of COUNT 
Zeppelin is so closely associated, has the advantage that its rigid form is 
not dependent upon the working of any mechanical fan, which may become 
deranged. It is exceedingly cumbersome on the other hand, and lacks the 
portability necessary for military purposes. For the.se and other reasons 
the German military authorities have not yet adopted the Zeppelin rigid 
balloon, which is illustrated in fig. 612. The balloon consists of a rigid 
aluminium framework stayed with steel wire, of the form shown in the 
voi. vi 12* 
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illustration, which represents the 1908 model.* Externally the framework 
is covered with a waterproof fabric, which protects the framework and the 
separate balloons contained within its seventeen compartments. It is 
claimed by Count Zeppelin that the safety of the airship would not be 
endangered if one of the ballons was completely emptied of its gas. The 
overall length of Zeppelin //, as the 1908 model was called, was 136 m. Its 
diameter was 13 m., and the cubic capacity was about 15,000 c.m. Owing 
to the use of the metal framework and the outer cover, a large displacement 
was necessarily required to obtain the desired buoyancy. A feature of the 
Zeppelin airship is the duplication of the cars and of the propelling 
machinery. The two cars and engines are arranged near the two ends 
of the ship, and each engine drives two oppositely rotating propellers, 
one on each side of the ship. If for any reason one of the engines cannot 
be used, the other is still able to drive the ship but at a greatly reduced 
speed, at which the manoeuvring power is correspondingly less. In the 
earlier Zeppelin model the insufficient power of one engine working 
alone was the direct cause of the loss of the ship, which was compelled 
to land under unfavourable conditions. In the 1908 model each of the 
two engines had a horse power of no, and in the still more recent ship, 
Zeppelin III, a third engine was installed. The cars are connected by a 
covered gangway, which also serves as a track for a mdvable balance 
weight, by means of which any considerable change of balance can be 
adjusted. Objectionable rolling is prevented by the large projecting fins 
shown in the illustration, and horizontal steering is effected by means 
of the large central rudder and the pairs of double vertical planes pivoted 
between the fixed horizontal stability planes. 

For steering in the vertical direction there are provided sixteen planes, 
arranged in sets of four on each side of the front and rear ends of the 
balloon. The British Naval Airship No. i, built by Messrs. Vickers, Ltd., 
closely resembles the Zeppelin ships, but no satisfactory results have yet 
been obtained although much valuable experience has doubtless been 
gained. Airships have proved to be too cumbersome, unreliable, and 
expensive for practical requirements, and at the present time attention is 
being concentrated upon the development of aeroplanes. 

HEAVIER-THAN-AIR MACHINES 

Advantages and Limitations. — In the heavier-than-air type of 
machine a dynamical solution of the problem of flight has been obtained. 
The materials used in the structure are throughout heavier than air, 
and the weight is sustained in the most successful arrangements by the 
reaction of the air upon the plane surfaces of the machine driven at a 
considerable speed through the atmosphere. There is no cumbersome 
and vulnerable gas envelope required, and one of the chief advantages of 
the flying machine, as compared with the airship, is the simplicity and 
cheapness of its construction. ' The flying machine cannot, however, be 
looked upon as a substitute for the airship, which possesses several essen- 
tial features 'of importance not readily obtainable in the flying machine, 
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and it is possible, that, as the result of future experience, the serious objec- 
tions to airships may be overcome. 

The number of passengers or the load that can be carried by an aero- 
plane is limited by the supporting surface of the planes and the power 
of the engines, which determine the speed of propulsion and the lifting 
force, and few' machines at present in use carry more than one passenger 
along with the operator. Additional lifting power is obtainable by an 
increase of the lifting-plane area, provided the speed is not correspondingly 
reduced ; but the frictional resistance of the additional structure necessitates 
an increase of engine power and weight, which in turn necessitates a further 
considerable increase of the lifting area. With engines of the present-day 
construction an increase in the number of passengers w'ould necessitate 
a large increase of the size of the machine, and the present advantage of 
lightness and portability would thus be lost to a large extent. Additional 
lifting power is also obtainable by increasing the speed of propulsion, and 
thereby the vertical component of the reaction on the lifting surfaces ; but 
the frictional resistance to the motion is directly proportional to the speed, 
and a more powerful and heavier engine is as before involved. 

Unlike the airship, the flying machine suffers from the serious dis- 
advantage that it cannot remain stationary in the air, although to some 
e.xtent the same effect may be obtained by circling around the position. 
If the engine is stopped, the machine glides downwards to the earth, 
since its lifting power is dependent upon its forward motion. A further 
disadvantage of the aeroplane is that it must be propelled along the 
ground until the speed at which the machine rises is attained, and that 
it cannot therefore rise from a restricted position. W hen more powerful 
and lighter engines are available, it is possible that this disadvantage 
m.'iy be overcome by the provision of vertical lifting screws or other 
devices. 

Typks of Heavier-tiian-air Machines. — Heavier-than-air ma- 
chines may be divided into three clas.ses, generally known as orthoptisres, 
helicoptcres, and aeroplanes. The ORTHOPTftRES are provided with wings 
which are made to beat the air in imitation of the action of large heavy 
birds. Attention is again being devoted to this type of machine, which 
would make hovering possible, and already promising results have been 
obtained. 

In the llELlCOPTfeRE .system the lifting force is obtained by means of 
screws capable of rotation around a vertical axis; and to prevent the body 
of the machine itself from rotating, the vertical shaft is provided with two 
oppositely rotating screws, or, when single .screws are used, a large vertical 
plane is fitted to the body. Although the power of rising upwards from 
the ground is very desirable, it is still more desirable that the flying 
machine should be capable of advancing, and to do this effectually .sepa- 
rate propellers and engines would be required. It has been proposed to 
avoid the use of an additional engine by providing means whereby the 
propeller may be inclined in the desired direction of flight, but no success- 
ful results have been obtained with machines of the helicoptere type. It 
is probable that at some future time, when improved propelling machinery 
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is obtainable, successful results may be obtained by a combination of the 
helicoptere and the aeroplane systems. 

Aeroplanes. — At the present time the efforts of experimenters are 
mainly directed towards the development of the aeroplane type of flying 
machine, from which the most promising results have been obtained, and 
it is fortunate that the development is not confined to one particular con- 
struction. From the study of the behaviour of simple kites and of the 
more complicated cellular kites of Hargreave much valuable information 
has been obtained regarding the action of currents of air upon inclined 
planes, but it is to Professor I-AN(;ley, of America, that the first ex- 
haustive investigation of the subject is due. Certain of the conclusions 
of Langley have proved, however, to be erroneous, such, for example, as 
the conclusion, generally known as Langley’s law, that the tractive force 
required to propel an aeroplane at a high speed was less than at low 
speeds. This .so-called law was based on the assumption that the fric- 
tional resistance of the air at the surfaces of the planes was negligible, 
whereas in reality it is very considerable, and at least one hundred times 
what was at first supposed. When an inclined plane is driven, say, hori- 
zontally through the air, the normal pressure of the air on the plane may 
be resolved into a vertical or lifting component, and a horizontal com- 
ponent which opposes the forward motion. As the inclination of the 
plane is diminished the vertical component increases and the horizontal 
component decreases, and if the frictional resistance were negligible the 
resistance to the motion would vary as the inverse square of the velocity 
of propulsion, as was assumed by Langley. The frictional resistance is, 
however, considerable, and in reality the power required for the propulsion 
of an aeroplane increases directly with the velocity. 

Before the introduction of light powerful motors much valuable experi- 
ence was accumulated by a few daring experimenters, who succeeded in 
gliding through the air from an elevated starting-point while supported by 
large plane surfaces. In 1854 Captain Lebus succeeded’ in making and 
actually using a gliding machine, but an accident, which resulted in a 
broken leg, terminated his ex|3eriments. Other experimenters carried 
on the work, notwithstanding the great dangers incurred, and from about 
the year 1890 successful flights were made by a Berlin engineer, Herr 
Lilienthal. The apparatus devised by Lilienthal consisted of large 
wings arranged around his body, as shown in fig. 613, and his flights 
were made from the top of a small specially constructed hill, from which 
he glided downwards in some cases over a distance of. 300 yd. To 
preserve the balance of the machine the lower portion of the body and 
the legs were swung to one side or the other as required, and upon the 
skill and experience of the operator in correcting sudden variations of 
the equilibrium depended the success of the flight. In later machines 
Lilienthal adopted a system of superpo.sed planes re.sembling the modern 
aeroplane con.struction. The promising career of this experimenter was 
brought to an untimely end in 1896 by a sudden downward swoop of 
the apparatus. A similar accident, which also resulted in the death of 
the operator, befell Mr. Percy Pilcher, who had continued in this 
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country the work of Lilienthal, and who was about to apply a specially 
designed petrol motor for the purpose of driving his machine. CllANUTE, 
in America, during the years 1895 to 1897, made numerous flights with 
various types of gliding machines, some of which had as many as six 
superposed planes. He ultimately returned to the simpler form of two 
planes, either superposed or one in front of the other, resembling to 
a remarkable extent the aeroplanes of the present time. 

Sir Hiram Maxim, in England, carried the problem a step further in 
1894 by constructing a particularly light steam engine and boiler which he 



Fig, 613.— Liliciitliars Gliditifi' Aeroplane 


applied to an aeroplane. The machine was mounted upon wheels and 
driven by an air propeller along a special railway, but it was prevented 
from soaring by means of guard rails arranged above the tops of the 
wheels. It was conclusively proved that the machine was capable of 
lifting its own considerable weight, and finally the machine broke through 
the upper guard rails and wrecked itself upon the surrounding trees. 
With the introduction of the still lighter petrol motor the greatest diffi- 
culty in the way of aerial flight disappeared, and it is to the advent of the 
petrol motor that the remarkable progress of recent years is due. 

Tyi»es of Aeroplanes. — The aeroplanes of the present day may be 
grouped according to the number of the supporting planes; but this classi- 
fication is more convenient than rigid, especially in the case of biplanes, 
which might be more scientifically classified according to their degrees of 
automatic stability. It was at one time thought that the greater the 
number of superposed planes the greater would be the stability of the 
machine, and aeroplanes having five or six were constructed. Owing, 
however, to the great resistance to the motion offered by the surfaces 
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and the framework, the number of superposed planes in the machines 
of the present time rarely exceeds two. 

Biplane Machines. — T here are- now numerous forms of biplane 
machines, differing from one another in many cases in the details of con- 
struction only, and it will be sufficient therefore to describe the principal 
typical machines. 

In fig. 614 is illustrated the aeroplane of the brothers WiLBUR AND 
Orville Wright, of Dayton, Ohio, U.S.A. These successful pioneers 
conducted their experiments and trials and gained their skill under con- 
ditions of considerable secrecy and full confirmation of the results reported 
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Fig. 614. — The Wright Hiplane Machine 


from America was not publicly obtained until the efficiency of their 
machine was thoroughly demonstrate in France. The Wright machine 
consists of two narrow planes of 60 sq. yds. sustaining surface connected 
together by light vertical hickory -wood struts stiffened by means of a 
system of steel wires under tension. A pair of launching runners project- 
ing forward from the under side of the lower plane .serves also for the 
support of two small horizontal planes, which can be inclined upwards 
or downwards to control the vertical motion of the machine. At the 
rear end is attached a similar pair of vertical planes or rudders, the 
movement of which controls the horizontal direction of the motion. Two 
large-diameter propellers placed behind the main planes are u.sed for the 
propulsion of the machine, and the motor from which they are chain-driven 
is carried upon the framework of the lower plane and runners. The 
positions of the motor and of the operator are so arranged on either side 
of the longitudinal centre line that the balance of the machine is not 
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affected^ and when it is desired to carry a passenger a seat is provided on 
the centre line. 

By the Wright brothers it is. considered advisable to provide two 
propellers, which are driven in opposite directions, to prevent any dis- 
turbance of the lateral balance of the machine during flight. This opinion 
is not generally shared by other constructors, and single propellers are now 
commonly used with successful results. There is, indeed, a strong objec- 
tion to the use of two propellers, owing to the unbalanced conditions that 
arise when by accident one of the propellers becomes deranged, and on 
two occasions serious accidents of this kind have befallen both brothers. 
The Wright machine differs from the typical French machines in one 
respect of considerable importance. The design of French aeroplanes is 
such that their stability is more or less automatically maintained during 
flight, but in the Wright machine the use of any cellular arrangement of 
the main planes and the tail, which conduces to automatic stability, is 
purposely avoided, as the designers consider the control of stability should 
depend entirely upon the skill of the pilot. This control is provided in a 
very simple and ingenious manner by making the rear corners of the 
supporting plane flexible, and providing means for warping them. If, 
for example, the machine inclines suddenly downwards on the right side, 
the operator bends the right-hand corner downwards and the left corner 
upwards, and the reaction of the air on these curved portions then causes 
the right-hand side to rise and the left side to sink until the warping of 
the planes is discontinued. As the action of the warping planes tends to 
alter slightly the lateral direction of the motion, the warping lever is so 
coupled to the vertical rudder that the latter is displaced sufficiently to 
correct the tendency. 

In one other respect the first Wright aeroplanes differed from those of 
French design, namely, the method of launching, and in this regard the 
utility of the Wright machine appeared to be limited, since a special 
arrangement of launching rails was required. The launching apparatus 
consisted of a wooden tower at the starting end of the railway, and of a 
^ycight of about J ton suspended from the top of the tower. The sus- 
pension rope was led downwards over pulleys, then horizontally to the 
front end and back to the inner end of the railway, where it was attached 
to the aeroplane, the runners of which rested on the ways. To launch 
the machine the propeller was first set in motion, and then the suspended 
weight was released. The falling weight towed the aeroplane forward 
with a velocity sufficient to cause it to rise in the air clear of the launching 
ways and of the tow rope. All aeroplanes are now provided with a chassis 
upon which the machine is propelled along the ground until it rises, and 
it is therefore possible, without special preparation, to start from any 
position where the ground is sufficiently flat and unobstructed. In soft 
ground serious accidents have resulted from the sudden stoppage of the 
forward motion due to sinking of the wheels into the ground, and in 
certain designs a combination of the runners and of the wheels has been 
adopted. . . 

The Wright machine, which weighs about 1200 lb., is remarkable for 
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its general efficiency, the power of the engine being about one-half of the 
power required in certain of the French designs. This result has been 
chiefly obtained by the careful design of the planes and of the propellers, 
which run at a comparatively slow speed of 450 revolutions. 

In France the firm of VoiSIN FrISres have endeavoured to make 
the stability of their machines independent to some extent of the skill 
of the operator, and their success, in at least calm weather, is evident, 
from the ease with which a* novice can lejirn to control aeroplanes of their 
design. A certain amount of stability is obtained in all biplanes by 
making the supporting planes long transversely and narrow. In addition, 
Messrs. Voisin make use of the cellular arrangement of planes advocated 
by Hargreave, Chanute, and other experimenters. The arrangement of 



Fig. 615. — The Voisin Biplane Machine 


the vertical planes between the main supporting? planes and the position 
of the cellular balancing tail are clearly shown in the side view of the 
Voisin machine (fig. 615), which also shows the front steering plane for 
controlling the elevation and at the bottom the chassis. The sustaining 
planes have an area of 60 sq. yd., a,nd the total weight of the machine 
in flying order is about 1200 lb. The engine develops about 50 to 60 
h.p., and the two-bladed propeller, of about ft. diameter, runs at 
a maximum speed of 1100 revolutions per minute. M. Farman has 
modified the Voisin machine, as shown in fig. 616, by dispensing with 
the vertical planes and thus abandoning the idea of automatic stability. 
Instead of the warping planes used by the brothers Wright for control- 
ling the lateral stability, he has adopted the system of small movable 
planes or AILERONS shown in the illustration. By dispensing with the 
vertical surfaces a considerable reduction of the skin friction is effected, 
and a higher speed is attainable as compared with the Voisin machine, 
which for the same sustaining power requires 12 sv;. yd. additional 
sustaining surface. 

Monoplanes. — In the early experimental apparatus of Professor 
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Langley two planes were used, but instead of being superposed they 
were placed in tandem, and to improve the stability each plane was 
slightly V-shaped with respect to the longitudinal central line. This 



F'ig. 6x6. — The Farman Biplane Machine 


tandem arrangement has been retained in the modern monoplane designs, 
but the rear plane is made small and serves for the control of the elevation, 
and a small vertical plane is provided for ther horizontal control. Owing 
to the reduction of the framework as compared with the biplane the 



Fig. 6x7.~The BI6riot Munoplane 


skin friction is reduced, and thus greater speeds and reduced weights 
are possible. The monoplane of M. BLfeRlOT is illustrated by fig. 617. 
It w'ill be seen that the front plane is considerably curved and the 
rear plane slightly curved. The weight of the engine and of the chassis 
.lies below the level of the supporting planes, and the lowness of the 
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centre of gravity partially accounts for the stability of the monoplane. 
Means are provided for altering the V formation of the main supporting 
planes, and thus controlling the stability. The monoplane used by M. 
Bleript in crossing the English Channel for the first time in 1909 was 
provided with a total sustaining surface of 17 sq. yd, the spread of the 
wings being about 25 J ft. and the breadth 6 ft. A three-cylinder Anzani 
petrol motor of 22 b.h.p. was used for driving the two-bladed propeller 
at a speed of about 1200 to 1400 revolutions per minute. The total 
weight of the machine, including the operator and a supply of petrol 
sufficient for the passage, was about 600 lb., of which the motor weighed 
132 lb. The distance traversed in the flight is estimated at 26 miles, 
and, as the tiipe taken was thirty-five minutes, the average speed was 
about 45 miles per hour. In the unsuccessful attempt of Mr. Latham 
to equal M. Bleriot’s performance the machine used was a monoplane 
designed by M. Levavasseur of the Societe Antoinette. In general 
arrangement the machine resembles to some extent that of M. Bleriot, 
but for the control of the lateral stability two ailerons are provided. 
Metal is largely used in the construction instead of ash and poplar 
a 4 in the Bleriot design, and the weight is accordingly considerably 
greater. In Mr. Latham’s second attempt to cross the Channel an 
engine of 100 h.p. was substituted for the previous Antoinette engine 
of so h.p. It is estimated that the speed attained exceeded 60 miles 
pei hour. 

The further development of flying machines, whether of the biplane 
or of the monoplane type, largely depends upon the improvement of the 
engines, the weight of which in relation to their power is still greater 
than is desirable. In the attempt to reduce weight the reliability of the 
engine has been affected, and in many cases the cylinder-cooling water 
system is dispensed with and the less efficient air-cooling system sub- 
stituted. In all machines it is at the present stage considered necessary 
to avoid the use of a clutch between the propeller and the engine, owing 
to the weight of such gear, and when starting, the inconvenience involved 
is considerable. Many of the minor difficulties, such as are experienced 
in the use of the carburettor, are being rapidly overcome, and there is 
every reason to expect that, as the number of experienced designers 
engaged in the work increases, the power of the engines will be increased 
and their weights reduced. 

Hydroplanes. — Numerous interesting experiments have been carried 
out to determine the best form and efficiency of propellers working in air, 
and certain of the results obtained are remarkable. With an air pro- 
peller fitted to a motor bicycle and driven by the engine, M. Archdeacon 
was able to travel at a speed of 49 miles an hour, and in similar experi- 
ments carried out upon an air-propeller-driven boat a speed of 43 miles 
per hour was obtained with a Clement Bayard engine of 80 h.p. The 
Crocco and Kicaldoni Hydroplane boat referred to is shown, in the Plate, 
travelling on the surface of the water. As the speed of the propellers 
is increased, the boat rises out of the water upon the inclined V planes 
at the bow and stern until, when travelling at over 40 miles per hour. 
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the bottom of the boat is about 18 in. clear of the surface, and it has 
been found that waves of 7 in. height do not seriously interfere with 
.the action. The general arrangeiiient of the hydroplane type of vessel 
■will be more clearly understood from the illustration, which shows the 
boat suspended clear of the water. 


CHAPTER XV 
WARSHIPS 

International Relations. — Modern civilization is the result of the 
active enterprise of rival nations whose efforts, although directed to the 
furtherance of their individual interests, have of necessity determined 
the progress of the whole world. But the growth of international com- 
merce and the need of further outlets for expansion have brought the in- 
terests of rival countries into serious conflict, and have made the possession 
of means of defence and of coercion essential to the existence of a nation. 
These are the conditions of present-day life, and whether warfare will 
be superseded in the future by more humanitarian methods of adju.sting 
the international differences that arise is a speculative question that 
cannot be discussed here. Some progress has, however, been made as 
a result of certain treaties and conferences in establishing international 
laws which prohibit the use of barbarous and extreme methods of war- 
fare and which protect the interests of neutral powers, but the results of 
the last Peace Conference, which was attended by the representatives of 
forty-five nations, do not indicate any immediate prospect of the establish- 
ment of an effective international court of arbitration. 

C'ertain of the smaller powders are dependent, so far as their indepen- 
dence is concerned, upon their political position between the greater 
powers, and in such cases the necessity for costly defences does not exist. 
Larger powers have, on the other hand, to maintain strong armies and 
navies in a state of high efficiency for the protection of their commerce 
and for the defence of their rights. Military warfare still demands, as 
in olden times, the employment of large bodies of men, but great im- 
provements have been effected in the methods of handling, the armies 
and in the power and efficiency of their appliances. 

War Vessels. — In naval warfare, on the other hand, machinery plays 
an all-important part, and the men employed are skilled in its control 
more than in the art of individual fighting, such as is met with in the 
armies. A modern battle fleet comprises various distinct classes of 
vessels, each designed for a particular service, but within recent years 
the distinction between several of these has become one of name only. 
Thus the heavily armed and armoured cruisers of the British 
class might equally well be placed in the first fighting line although 
their armour protection is somewhat inferior to that of the most recent 
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battleships. The terms Dreadnought and Super- Dreadnought are com- 
monly used to designate all heavily-gunned ships of the Dreadnought and 
more recent classes. 

The BATTLESHIP is primarily intended for the severest work of an 
engagement, and is accordingly heavily armed and protected, whereas the 
CRUISER is specially fitted to undertake the duties of skirmishing, and is 
therefore provided with the greatest possible speed obtainable by a reason- 
able reduction of armament and protection. As has been already men- 
tioned, the most recent British cruisers have, however, an armament and 
protection that are not greatly inferior to those of many first-cla.ss battle- 
ships. A special type of vessel has been developed for scouting purposes, 
and these ships are generally lightly-armed vessels of very high speed, 
while for night attacks there is provided the TORPEDO BOAT. The use 
of torpedo boats has necessitated the employment of TORPEDO-BOAT 
DESTROYERS of sufficient speed and power to overtake and destroy the 
torpedo boat, but the two classes are now almost entirely merged. Since 
1886 the French naval authorities have been actively engaged in experi- 
menting with various types of SUBMERSIBLES and SUBMARINE BOATS, but 
it was not until 1900 that the British Government commenced to build 
these vessels, which are now being made in considerable numbers. The 
first French submarine, the Gymnote^ designed by M. Gustave Zedd, is 
.still in existence, but its torpedoes have been removed, and the vessel is 
now used for experimental purposes only. 

The value of the submarine is .supposed to consist more in the moral 
effect its presence is likely to have upon the enemy than in the results 
of its attcick, which at the present time cannot be directed with any 
great certainty of success and safety. It was rumoured that submarines 
were employed in the Ru.sso-Japanc.se war, but it has since been 
authoritatively stated that .submarines were at no time engaged, .so that 
the actual value of such craft in warfare ha.s still to be determined. At 
the time of the war Ru.ssia had at Port-Arthur no submarines suitable for 
the defence of the harbour, and those at Vladivostock had no opportunity 
of operating. It was also reported that none accompanied the fleet of 
Admiral Rojdestvensky to the Ea.st. Several were under construction in 
Japan, and parts of others were shipped from America for erection in Japan, 
but war was concluded before any one of these ves.scls was completed. 

Mines and Balloons. — The value of fixed and floating mines 
for the protection of the harbour entrances and other narrow waters was 
again fully proven in the case of the Russo-Japanese war, when both 
sides suffered heavy losses from accidental contact with these destructive 
weapons. Floating mines were sown widespread by both parties, but 
the destruction was not confined to the ships of the belligerents, and 
two years after the conclusion of the war the menace of these derelict 
mines to shipping still continued in the Japanese and Yellow Seas. 
Ordinary CAPTIVE BALLOONS were used during the war for observation 
purposes, but no experience of dirigible balloons and airships was obtained. 
In the conflict between Italy and Turkey it is reported that valuable 
scouting work has been done by Italian aviators using aeroplanes. 
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Transport Vessels. — In the event of war it is essential that there 
should be an immediate and ample supply of merchant vessels suitable 
for transport and similar purposes, as was the case during the South 
African war, when large numbers of men and great quantities of supplies 
had to be transported without delay. By special arrangement with the 
leading shipping companies the necessary ships can at once be obtained 
when the necessity arises, and in the case of such express vessels as the 
subsidized liners the Lusitania and the Mauretania special provision is 
made for arming them with light guns. 

Types of Battleships. — In the British and other navies the fighting 
ships of the fleets belong to distinct classes, each class being in general 
an advance so far as armament, protection, and speed are concerned, 
upon the earlier ones. Thus the King Edward class, commenced in 
1902, comprises eight vessels built, except in minor details, to the 
same specification, and armed alike. These vessels have a main arma- 
ment of 1 2-in. and 9.2-in. guns, and a secondary armament of 6-in. 
and 1 2-pounder guns, whereas in the previous Queen class there are no 
9.2-in. guns. In the Lord Nelson and Agamemnon of 1908 and 1907 the 
6-in. guns were dispensed with, and a larger number of 9.2-in. guns were 
provided, while the secondary armament, intended chiefly for repelling 
torpedo-boat attacks, is composed of fifteen 12-pounders and a number of 
lighter weapons carried upon a light superstructure, which offers, however, 
a considerable target to the enemy. There is some doubt as to the suita- 
bility of 1 2-pounders for the purpose of repelling torpedo-boat attacks, and 
the later .ships are provided with the heavier 4-in. gun. Although the* two 
ships of the Lord Nelson class are more powerful in all respects than any 
of the earlier vessels, they resemble them to some extent, and may be con- 
sidered a development of one type. In the still more recent Dreadnought 
class a marked departure from previous practice has been made as a result 
of the adoption of what is popularly known as the “ all-big-gun ” armament. 
Each ship of the class carries ten 12-in. guns, and no other sizes are pro- 
vided, with the exception of a light secondary armament, consisting, in the 
case of the Dreadnought^ of 12-pounders, and in the later improved Dread- 
noughts — the Bellerophon^ the St Vincent^ and the Neptune^ Colossus^ 
and Orion classes — of 4-in. guns. In the Orion and King George classes 
ten i3.S-in. guns are mounted in five turrets arranged on the centre line, 
and in the latter ships it is stated that the secondary armament may com- 
prise twenty 4.7-in. guns. The centre-line arrangement ens^bles all the 
heavy guns to be fired on either broadside. 

Other nations have found it desirable to adopt the “ all-big-gun ” type 
of battleship with, in some cases, modifications. Thus it is reported that 
the recent Japanese ships will carry fourteen 12-in. guns in addition to a 
secondary armament of ten 6-in. and a number of 4.7-in. guns. Three 
1 2-in. guns will be mounted in the forward and three in the after turret. 
It is possible, however, that the triple turrets may not be adopted. 

The Japanese Dreadnought cruiser being built by Messrs. Vickers, Ltd.| 
will carry eight large guns of 13.5-in. calibre, and the displacement will be 
27,500 tons. With turbine machinery of 80,000 h.p. it is anticipated that 
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a speed of 25 knots will be attained. No particulars have yet been pub- 
lished regarding the disposition of the gun turrets. The Italian govern- 
ment has definitely adopted triple turrets, and in the Dante Altghieriy 
launched in August 1910, there are four centre-line turrets, each carrying 
three 12-in. 46 calibre guns. Triple turrets are also under consideration 
or have been already definitely adopted by the United States of America, 
Russia, and other foreign powers. 

The structure of a battleship is designed to carry the guns and also 
the armour, which protects, not only the crew but primarily the vitals 
of the ship, such as the magazines, the engines and boilers, and the 
guns. In the design of a ship of a given displacement the best com- 
promise has to be made between the size, and therefore weight, of the 
guns and mountings and of the armour, wh?th must be disposed to the 
best advantage. The heaviest armour, varying in thickness from 10 to 
12 in., is placed as a belt extending amidships on each side, so as to 
protect the engine and boiler spaces; and the depth of the belt is generally 
such that its upper edge does not sink below the w'ater level when the 
ship is very heavily laden with stores and coal, as might happen in actual 
war at the commencement of a long voyage. On the other hand, the 
depth of the belt should be such that it does not rise above the water 
level and expose the low'er unprotected portions as the stores and coal 
are consumed. Towards the forw^ard and after ends of the ship a lighter 
armour of from 2 to 6 in. has to be used in order to economize weight, 
and these parts of the ship are therefore reserved for storage and other 
purposes, the vital machinery and magazines being concentrated within the 
heavily armoured spaces and under the armoured deck, which occupies a 
position approximately level w^ith the w ater. The sides of the armoured 
deck, varying in thickness from 1 ^ to 2 J in. in the Dreadnought^ are sloped 
dowmw'ards below the water level, so as to present an upw^ardly inclined 
surface to any shell that may penetrate the main armour. Additional 
protection is obtained from the coal stored in the bunker spaces behind 
the armour. A shell w'hich pierces the outer armour has then to pass 
through the coal and through the protected deck before it can reach the 
machinery or magazines. The main guns are mounted generally in pairs 
in specially armoured turrets upon the upper deck, and for these armour 
of from 12 to 14 in. is frequently used, and similar protection is provided 
for the forward main conning tow^er, from w^hich the ship may be operated 
in action. 

By means of longitudinal and transverse bulkheads the whole under- 
water space of the ship is subdivided into water-tight compartments, anvl 
the arrangement is such that the flooding of one or two of these will not 
seriously endanger the buoyancy; but the loss of certain ships has resulted 
from the heeling over of the ve.ssel to a dangerous extent, as a result of the 
flooding of compartments on one side of the ship only. Provision is now 
made for connecting the compartments on opposite sides of the ship, 
sp that when necessary the trim of the vessel may be restored. Until 
recently it has been customaiy to provide doorw^ays between adjoining 
compartments, with special arrangements for closing them from positions 
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above the protected deck. These openings are, however, a source of 
considerable danger, and instances of disaster from the failure to close 
completely the water-tight doors, either through negligent omission or by 
reason of some obstruction, are not uncommon. In the most recent ships 
no intercommunications are provided, and access to each compartment can 
only be obtained from an upper level. This involves considerable incon- 
venience in the ordinary working of the ship, but the question of complete 
safety is rightly considered to be of first importance. Pumps are installed 
for dealing with minor leaks, and the actual flooding of a compartment is 
only likely to result from such accidents as a collision or the explosion of 
a torpedo. 

Cruisers. — So far as general arrangement is concerned the cruiser 
type of ship does not differ greatly from the battleship, except as regards 
its superior speed and to some extent its inferior armament and protection. 
Thus the heaviest guns of the MtnoinurclRss cruisers are of 9.2-in. bore, and 
the main belt has a thickness of 6 in., while the designed power is 27,000 
h.p., capable of driving the ship at 23 knots, whereas the designed speed of 
the Lord Nelson battleship is only i8i knots. There is a strong tendency, 
however, to make the fighting power of the cruiser more nearly equal 
to that of the battleship while retaining the high speed, and this has 
actually been done in the British cruisers of the Inflexible and the Inde- 
fatigable classes. The latter ships have eight 12-in. guns as compared 
with ten in the case of the Colossus^ and in addition they have a secondary 
armament of twenty 4-in. guns. Kight-inch armour is used for the pro- 
tection of the ships over a considerable portion of their length. A speed 
of more than 29 knots has been obtained during the steam trials of the 
Indefatigable, 

Gun Mountings. — The larger guns in sets of one, two, or three, 
are grouped, as already stated, in armoured turrets capable of rota- 
tion about a central trunk, through which the ammunition is hoisted 
from the magazines. In the case of the smaller 6- or 7.S-in. guns sepa- 
rate turrets are not provided, but each gun is enclosed in a casemate 
which entirely isolates it and the gun crew. In the earlier ships such 
guns were grouped in an armoured citadel with practically no attempt at 
isolation, and the explosion of a shell frequently caused widespread 
destruction, as a result not only of the scattered metal fragments, but 
also of the sfjread of the poisonous gases. Under the casemate system 
the destruction of one gun need not necessarily interfere with the operation 
of the others. 

A section through one of the twin 12-in. gun turrets of H.M.S. For- 
midable is shown in fig. 618, taken from Sir Andrew Noble's work on 
Artillery and Explosives. There are two 12-in. guns mounted side by 
side, but upon separate mountings, under the one armoured hood and 
upon the one turntable, which is carried upon the rollers shown in the 
illustration. The turntable, together with the guns and their mountings, 
are therefore capable of rotation relatively to the ship, and this training is 
effected by means of the hydraulic turning engines marked E in the section. 

, Until recently hydraulic gear has been universally used for the manoeuvring 
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of the heavy gun turrets, but in certain of the recent ships electric motors 
have been installed for the purpose. The results obtained have not, how- 
ever, realized all expectations, and hydraulic gear is being fitted to the 
ships under construction. The working chamber under the gun turntable 
and the central trunk also rotate with the turret, and through this central 
trunk is hoisted the ammunition. In the operation of the gun the 
ammunition is brought by means of overhead carriers from the magazines 



to the foot of the trunk, and is loaded upon the shot tray L, which 
revolves with the turret. From the tray the ammunition is fed into the 
carrier of the hydraulic hoist, which transfers it to the working chamber, 
where it is temporarily stored. When required, the charge is hoisted up to 
the charging position of the gun, so that when the breech is opened it may 
be run by means of the hydraulic rammer into the gun chamber. The 
arrangement of the particular gear illustrated is such that the carrier can 
only be brought into line with the breech in one position of elevation, but 
in more recent gun mountings it is possible to charge in any position. 

Guns and Sights.— The gun itself weighs 49 tons and is carried 
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upon trunnions, about which it can be elevated through 15 degrees and 
depressed through 5 degrees. It is also mounted upon inclined slides, and 
suitable recoil cylinders are provided to absorb the energy of the recoil 
when the gun is fired. Hydraulic gear is provided for running the gun up 
the inclined slides into the firing position. For the actual sighting of the 
gun a telescope with cross wires is provided, and the operation of laying 
the gun upon the target consists in bringing the object upon the cross wires 
of the telescope; but it is necessary to adjust the axes of the telescope 
and gun relatively to one another to obtain the required correction for the 
range of the target and the deflection. At a small range the axes would 
be approximately parallel in the vertical plane, but as the distance from 
the target increases it is necessary to incline the gun upwards by a pre- 
determined amount. This correction is made by inclining the sighting 
telescope downwards as required relatively to the gun, so that when 
the cross wires of the telescope are brought upon the target the gun 
will have the correct elevation corresponding to the range, to the size 
and temperature of the charge, and to the other factors that determine 
the amount of the elevation. Upon the gun sight is provided a scale 
of ranges, and means are provided for applying the temperature and 
other corrections. Some correction for deflection is also necessary, espe- 
cially when the target has some motion relatively to the gun. If, 
for example, in an action the ships engaged were sailing on parallel 
courses in the same direction and at the same speeds, the gun would be 
pointed azimuthally directly towards the enemy, that is provided minor 
errors are neglected; but if, on the other hand, the one ship had a 
motion relatively to the other, it would be necessary to estimate the 
relative change of the enemy’s position during the very appreciable time 
taken by the shell in covering the distance. Upon the gun sight there 
is therefore provided a deflection drum, by means of which the sight may 
be moved azimuthally to suit the relative speeds. This drum is engraved 
in knots, and the necessary correction is deduceable from the known speed 
and course of the ship, and from the estimated speed and course of the 
enemy. It will be seen from the above that the successful use of a large 
gun is dependent not only upon the gun crew, but also upon the successful 
measurement and estimation of various important elements, and for this 
work numerous ingenious instruments are commonly employed. The dis- 
tance is deter^nined by means of rangefinders, installed in some elevated 
position, generally upon special control platforms on the masts, and the 
range is then transmitted electrically to a central station, from whence, 
after suitable correction, it is transmitted to the gun positions. An ob- 
server in the observation station estimates the speed and course of the 
enemy, and from the known speed and course of his own ship the neces- 
sary deflections required for the various guns are determined. These 
sight-bar ranges, deflections, and certain orders are signalled electrically 
to the guns, where they are clearly indicated to the sight setters. The 
sight setters set the range and deflection drums of the sighting gear to 
the indicated range and deflection, and thus adjust the axis of the tele- 
scope relatively to that of the gun, while the gun layer manoeuvres the 

voL. VI. 12s 



194 


ENGINEERING 


gun and gun cradle upon which the sight is mounted, until the cross 
wires of the sight lie upon the target. Owing to slight errors in the cor- 
rections of the various elements of fire, and on account of other minor 
factors, such as irregularities in the quality of the explosive, variations of 
temperature, and changes in the density of the atmosphere, it may happen 
that the shot falls short of or over the target, and a system of fire obser- 
vation is therefore necessary. From the elevated control platform the 
fall of each shot is observed, and from the measurements obtained the 
setting of the gun sights is corrected until the succeeding shots reach the 
target. With a system of this kind a large percentage of hits is obtainable 
when one ship alone is engaged, but when several ships are firing, and the 
target is surrounded by water splashes, the observation of fire becomes 
a matter of considerable difficulty. 

Within recent years one element of uncertainty in the fire of the guns 
has been very considerably reduced by the installation of refrigerators, 
which maintain the ammunition in the magazines at a uniform tem- 
perature. 

Torpedoes. — Torpedoes form an important part of the armament of 
battleships and cruisers, and they constitute the main armament of torpedo 
craft and the sole armament of submarines. They arc therefore weapons 
of great importance, and much attention has recently been expended upon 
them in increasing their power and speeds to suit the increased speeds of 
the ships. In ships of earlier date than 1894 the speed of the ship was 
less than that of the torpedoes, and it was therefore possible with safety 
to eject them forwards from the bow of the vessel; but as the speed of 
war vessels increased, the bow torpedo tube was abandoned, owing to the 
possible danger of the ship overrunning its own torpedo. At the present 
time the speed of the torpedo has, by a system of heating the compressed 
air, been made to exceed that of the fastest craft, and it is again possible 
for a fast destroyer to approach the enemy bow on and fire her torpedo 
ahead without previously presenting her broadside as a target to the 
enemy. 

In large ships the tubes from which the torpedoes are ejected are 
submerged beneath the water line, and the actual discharge of the torpedo 
from the tube is done by means of compressed air. In the Plate the 
external appearance of one form of torpedo tube and the method of 
inserting a torpedo are indicated. At the outer end of thq tube there is 
fitted a sluice valve which prevents the untimely entrance of water, 
and interlocking arrangements are provided to prevent the inner door 
from being opened until the water in the tube, has been discharged and 
the outer valve closed. The torpedo is then inserted and enclosed, and 
after the outer valve has been fully opened it is ejected by the admission 
of compressed air. As the torpedo moves outwards a trigger in the wall 
of the tube engages with a projection of the torpedo, and thus starts 
the compressed-air engines. In the conical head, which for purposes of 
safe storage is detachable, is placed the. explosive charge with the contact 
detonator projecting from the front, and the remaining space is occupied 
by .'engines which drive the propellers, compressed-air reservoirs, air- 
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supply heaters, and pendulum or gyrostatic appliances for operating the 
horizontal and vertical rudders which control the trim and direction of 
the moving torpedo, 

As has been already stated, a remarkable increase of speed has recently 
been obtained from the simple operation of heating the supply of air 
before its admission to the cylinders of the engine. In the Whitehead 
torpedo the air in its passage from the reservoir to the engine is heated 
in a small steel chamber by means of an oil flame, which is automatically 
lighted and extinguished when the engine starts or stops. When working 
with cold .air, the power of the i8-in. torpedo is such that a distance of 
1000 yd. can be covered at a speed of 35 knots; while, by the addition 
of the heater, the speed over the same range is increased to 43 knots, 
and it is now possible to operate at ranges of 3000 or 4000 yd. as com- 
pared with the previous working ranges of 1500 to 2000 yd. 

As a protection against the attacks of torpedoes, the larger classes of 
ships are provided with TORPEDO NETS composed of interlinked steel 
rings. These nets are suspended from the ends of projecting booms, and 
dip under the surface of the water so as to completely enclose the under- 
water portions of the ship. In the ca.sc of a battleship the nets weigh as 
much as 80 tons, and are got in and out by the men in three minutes. 
Mechanical appliances have, however, been installed in the latest ships for 
performing the work with still greater dispatch. When the torpedo is 
used against a net-protected ship a ROTARY CUTTER is frequently attached 
to the nose to enable it to cut its way through the net, and thus reach the 
vitals of the ship; but the action of these cutters is .somewhat uncertain. 
American and French battleships are not equipped with nets, and from 
their experience in the late war the Russians have not fitted them to their 
more recent ships. 

Armour. — As a result of the continual contest between the manufac- 
turers of guns and armour, the development of these means pf attack and 
defence has been very rapid, each improvement in the power of the guns 
being followed by a further improvement in the resistance of armour. In 
the first protected British ship, the Warrior, built in 1859, the thickness of 
the wrought-iron armour used was 4J in., and this thickness was capable of 
resisting the attack of the heaviest guns then made. Until 1874 wrought 
iron was the best material available, and improvements in the guns could 
only be met by increasing the thickness, which in the old Inflexible of 1874 
amounted to a total of 24 in. A portion of the armour, placed only over 
the vital parts of the ship, was, however, of a compound or steel-faced kind 
consisting of an outer layer of steel attached by a sixicial process to a 
backing of wrought iron. In this way a . compound plate was obtained 
having, the resistance to penetration of steel and the toughness of wrought 
iron. As the power of the guns was still further increased it was found 
necessary to increase the resistance of the plates, and the armour was 
made throughout of specially treated steel. In armour of the Harveyized 
{ind, introduced in the Majestic class of 1894, the steel plates used were 
:emented upon the outer face, and after being bent to the required form 
ind worked, they were hardened. The process, which is to some extent 
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typical of later ones, consists in first heating the surface of the plate in 
contact with carbonaceous material, which cements or combines with the 
metal to form a surface layer of harder steel.. After the work of forming 
and drilling the plate is completed it is again heated, and the face there- 
after douched with cold water until the surface becomes exceedingly bard. 
Messrs. Krupp, of Essen, in Germany, introduced improved processes, 
which soon rendered the Harvey system obsolete, and armour of the 
Krupp cemented (K.C.) and Krupp non-cemented (K.N.C.) types are 
largely used at the present day. Krupp ARMOUR, is made of high 
tensile steel alloyed 
with small quantities 
of such metals as 
nickel, chromium, and 
manganese. Cemen- 
tation of the surface 
is carried out as in 


Fig. 619. — i6*in. Compound Armour Plate after Penetration by a lO'in. Shell 





the Harvey process, but the temjjering process differs as regards the 
reheating of the plate, which takes place from the surface inward.s. Non- 
cemented Krupp armour is only surface tempered, and is therefore of less 
surface resistance than the former compound type of K.C. As a result of 
these great improvements it has been possible to reduce the thickness of 
the plates while increasing their resistance to penetration, and, owing to 
the great reduction in their weight, the amount of the protection possible 
in a ship of a given displacement has been correspondingly*' extended. 

Fig. 619 shows a test plate of i6-in. compound armour after penetration 
by a lo-in. shell, which passed through without breaking up. It will be 
seen from the illustration that the outer hard layer has been burst off 
from the backing of tougher material Fig. 620 shows a 9-in. plate of 
Krupp non-cemented armour, after being attacked by armour-piercing 
shell of 13.5 in. diameter, manufactured by Messrs. Thos. Firth & Sons, 
of Sheffield. As compared with the compound plate, it will be .seen from 
the fracture that the hardness of the plate decreases uniformly from the 
front surface towards the back. 

Ammunition. — Until the u.se of compound armour became general the 
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makers of ammunition 
had little difficulty in 
producing projectiles 
capable of perforating 
the uncemented steel 
plates then in use, but 
with the introduction of 
the new armour it be- 
came* necessjary to de- 
vise improved projectiles 
which would not break 
into fragments on im- 
pact. About the year 
1886 a suitable projec- 
tile, made of chrome 
steel treated under a 
special process, was 
manufactured in France, 
and on the trial ground 
it was found that these 

projectiles could be 62a— 9-in. Krupp Non-cemented Armour Plate after Penetration 

made to perforate the by a 13.5-in. sheii 

hard steel face and tlie 

tough back of the compound armour and pass completely through without 
breaking up in the passage. A series of modern armour-piercing shell of 
this type, manufactured b}' Messrs. 

Firth, of Sheffield, is illustrated in 
fig. 621. It .should be remarked 
that the I3.s-in. .shell is the largest 
that is u.sed at pre.sent in the navy, 






380 lb. 850 lb. 

Fig. 6a z.— Modern Armour-piercing Sheila 


1250 lb. 
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but l4-in. shells are adopted by some foreign powers. In actual warfare 
the projectile will in general strike the armour not normally, but at an 
angle of about 20 or 30 degrees, and under these conditions the difficulty 
of penetrating the modern all-steel cemented and chilled armour is greatly 
increased. This difficulty has been overcome to a remarkable extent by 
the use of soft wrought-iron caps screwed, as shown in hgs. 622 and 623, 
upon the nose of the .shell. These caps appear to deaden the shock of the 
hard steel point of the projectile on the hard surface of the^ armour, and 
thus prevent the fracture of the former before the work of^ penetration is 



Fig. 62a. — Armour-piercing Capped Shell 
(cap removed^ 


Fig. 623. — Annuur-picrciiig Capped 
Shell (cap in position) 


commenced ; and, in addition, they appear to act as a lubricant for the pro- 
jectile in its pa.s.sage through the .surface. There is considerable difference 
of opinion as to the most effective form of charge for armour-piercing shell 
designed to burst after it has traversed the armour and reached the interior 
of the ship. When the bursting charge is of high explosive power the shell 
is broken into innumerable small fragments, the effects of which are wide- 
spread but more local than in the case of less active explosives, which 
break the projectile into a few large parts, each of which may be capable 
of causing .serious de.struction. Certain ships, such as the Ku.ssian cruiser 
Rurik, have been provided with .secondary armoured bulkheads within the 
hull for the main purpose of localizing the effects of such shells. 

EXPLOSIVE.S. — With the progress of gunnery is clo.sely a.s.sociated the 
development of high explosives, but it is remarkable that the most notable 
improvements were made to satisfy the requirements of civil engineers, 
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and at the present time the bulk of the explosives manufactured .is used 
in tunnelling, mining, and other peaceful operations. For many centuries 
ordinary black GUNPOWDER, consisting of approximately equal parts of 
charcoal, saltpetre, and sulphur, was found to be sufficiently good for 
military and naval purposes, and until the time of the Crimean war no 
important changes had been made, except as regards the removal of dust 
and the production of a cleaner-grained powder. With the introduction 
of heavier guns it was found necessary to reduce the suddenness of the 
combustion with a view to reducing the high initial pressures within the 
gun, which sometimes exceeded 50 tons per square inch. By improve- 
ments in the composition and the form of the grains the desired control 
was obtained, and by the introduction of PRISM POWDER and the still 
later BROWN PRISM POWDER the initial pressures were reduced to 14 tons 
per square inch. So far as the purposes of war are concerned, gunpowder 
has the disadvantage that, since its combustion is not smokeless, the clouds 
of smoke produced obscure the target, and from about the year 1832 
attention was chiefly directed to the production of smokeless powders and 
more powerful explosives. 

In 1832 Braconnet, of Nancy, subjected starch and other materials 
containing cellulose to the action of concentrated nitric acid, and obtained 
thereby a very explosive substance which he called XYLOIDINE. This 
discovery was soon followed by others of a similar kind, and as a result 
of the work of Felouze and of Schdnbein, between the years 1838 and 
1845, the use of GUNCOTTON for mines and torpedo purposes became 
general. Guncotton is produced by the action of concentrated nitric acid 
upon cotton, the result being a white friable substance which contains the 
oxygen required for the combustion of its explosive elements. Owning to 
its instability and irregularity it was at first found impracticable to use 
guncotton for any gunnery purposes; but the cause of the instability was 
shown by an Austrian officer. General Von Lenk, to be due to the pre- 
sence of free acid, and guncotton of considerable purity was soon produced 
by Sir Frederick Abel, the chemist of the British War Department. Gun- 
cotton and the various guncotton powders at present manufactured have 
the disadvantages, so far as their use in guns is concerned, that their action 
is too violent, and that the gases produced contain serious quantities of 
highly poisonous carbon monoxide. 

In 1847 Pjofessor Sobrero succeeded in producing an even more power- 
ful explosive by treating glycerine with nitric acid, but the instability of 
the compound was such that its use was prohibited in certain countries. 
After much experimenting, Alfred Nobel, whose name is closely associated 
with the history of high explosives, overcame the difficulty of handling 
NITROGLYCERINE by mixing it with about 25 per cent of a highly 
absorbent natural earth called Kieselguhr, and to the mixture he applied 
the name DYNAMITE. Kieselguhr is an inert substance which acts as a 
deterrent, and only serves to weaken and solidify the nitroglycerine, but 
when used in a gun the solid substance has a serious erosive effect upon 
the surfaces of the bore. For this and other reasons the use of dynamite 
is limited to blasting, mines, torpedoes, and similar uses. 
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As the result of an accident, Nobel, at a later date, made the Importam 
discovery that by suitably combining guncotton and nitroglycerine a jellj' 
was formed which could be safely handled, and which was capable ol 
gfreater control than either of the explosive ingredients. In the com- 
position of guncotton there is an insufficient supply of oxygen for its 
complete combustion, but, on the other hand, nitroglycerine has an excess 
of combined oxygen, so that 1^ .suitably proportioning the ingredients it 



FSg. 624.— Cordite Charge* for Various Sixes of Guns 


is possible to obtain an explosive which burns without the formation of 
serious quantities of carbon monoxide or of smoke. Ballistite was the 
first of the many smokeless powders that are now used by all Governments, 
and in its essentials it resembles the cordite adopted by the British 
Government. CORDiTE consists 'of 58 parts of nitroglycerine and 37 of 
guncotton, with S parts of vaseline, which assists in lubricating the pro- 
jectile in its passage through the gun, and, in addition, it reduces the 
temperature of combustion by nearly 10 per cent. The plastic cordite 
is moulded by machinery into cords, as shown in fig. 624, and from its 
final appearance is derived the name. It is found that the combustion of 
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the explosive takes place from the outer surface inwards, and that by 
increasing the diameter of the cords the intensity of the explosive action 
can be varied to suit the different sizes of guns. In the combustion of 
cordite free acid is produced, and the bore of the gun is therefore liable 
to corrosion unless care is taken to sponge it out after the firing is ended. 
Messrs. Kynoch have introduced a smokeless powder called AXITE, which 
does not seriously corrode the barrel of the gun, and which is in other 
respects superior to cordite. In the illustration (fig. 625) a charge of 
cordite and a similar charge of the new explosive are shown, and from 
this illustration it will be seen that the axite is formed of ribbed strips 
having a considerable surface. As compared with cordite, a greatly in- 
creased muzzle velocity is obtainable without an increase of pressure, and 
it is claimed that the effect of atmospheric temperature on the pressure 
and velocity of the gases is only one-half what it is with cordite. 

I^icric acid, which is now extensively used in large shells and pro- 
jectiles, was for some years employed as a canary-yellow dye until its dan- 
gerous properties became evident. In this country the picric acid manu- 
fiictured is known as Lyddite, while the equivalent French explosive 
is called Mki.INITE. The Japanese manufacture a special form of picric 
acid which they call Shimose, and in 
the recent war after each engagement 
tile Russian ships were splashed with 
the strong yellow colour characteristic 
of picric acid. 

Torpedo Craft. — The introduc- 
tion of the torpedo boat over twenty- 
five years ago has resulted in the de- Fig. 62 S.-ComparisonorCordile and Axite 
velopmcnt of other types of torpedo 

craft of sufficient speed and strength to overtake and destroy the former. 
To counteract the attacks of torpedo boats a larger type of vessel armed 
with light guns of 4.7-in. and smaller calibres was developed, but as the 
size and weight of these torpedo gunboats was gradually increased it 
was found necessary to introduce a specially light and speedy type of 
torpedo-boat destroyers, armed with guns of sufficient power to inflict 
serious damage upon the torpedo boats. Thus the Dryad class of torpedo 
gunboats, built in itS93, had a displacement of over 1000 tons and a sjxjed 
of 17 knots, and were armed with two 4.7-in. guns and five 6-poundcrs. 
The first torpedo-boat destroyers, built in 1893-4 by Messrs. Yarrow and 
Messrs. Thornycroft, had a displacement of only about 250 tons, but owing 
to the adoption of water-tube boilers it was possible to obtain a speed of 
over 27 knots. The armament consisted, of one 12-pounder and three 
6-pounders in addition to one torpedo tube. These early craft were found 
to be excellent sea-going boats and to be well suited to the purpose for 
which they were designed, but in later vessels the speeds were gradually 
increased to 30 knots. It was found, however, that the efficiency of the 
vessels was seriously affected by bad weather, and in 1902 the British 
Government decided to adopt in their new destroyers a lower maximum 
' speed of 25^ knots. These vessels, known as the River Class, have a 
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displacement of 525 tons and- have proved to be very serviceable in the 
open sea; but owing to their high freeboards and raised forecastles they 
present a considerable target. Within more recent years a further change 
of policy was effected, and the torpedo destroyers provided under the esti- 
mates of 1907-8 have a speed of 33 knots. Their displacements of from 
800 to 1000 tons ensure a large radius of action with good sea-going 
qualities, and vessels of this type are described as “ocean-going” de- 
stroyers. As a result of experiments with the Albatross and Express it 
was considered advisable to adopt turbine machinery, and the remarkable 
continuous speeds of over 35 knots that have been obtained with certain 
of these destroyers is due to the use of turbines and to the adoption of oil 
fuel for the automatic firing of the water-tube boilers. This high speed 
appears however to have been attained at too great a cost, and there is 
a tendency in the latest destroyers to revert to more moderate speeds of 
27 knots and powers of about 13,000 h.p. In the Plate is illustrated the 
dei^troyer Sazanami^ built by Messrs. Yarrow & Co., Ltd., of Scotstoun, 
Glasgow, for the Imperial Japanese Navy. On the trials a speed of 
31 knots was maintained. The horse-power of the engines is 6000, and 
the displacement is 306 tons. 

Submarines. — Since the year 1901 the construction of submarine 
vessels has been actively undertaken by all the greater naval powers, 
but the practical introduction of such boats may be considered as dating 
from 1888, when the Prench Government built the Gymnotey which was 
followed in 1893 by the Gustave The former had a displacement 

of only 36 tons, with a surface speed of 6 knots and a submerged speed of 
4 knots, while the latter had a displacement of 260 tons with a surface speed 
of 10 knots, and a submerged speed of 5 knots. Surface speeds of at least 
15 knots are now considered necessary to enable such vessels to approach 
within striking distance of a battleship fleet, but the weight of the 
machinery required for the higher speeds and the desire for greater 
torpedo-carrying capacity has led to a considerable increase in the size 
of submarines. British, boats of 800 tons submerged displacement are 
being built Their surface speed is 15 knots, and when submerged 
about 9 knots. The highest -possible surface speed is provided to 
enable the submarine to take up a suitable position before the enemy, 
preparatory to sinking beneath the surface of the water for the purpose 
of approaching within torpedo striking distance, and high speed 
ensures some chance of escape after an attack. When slightly submerged 
the direction of the boat is to some extent made possible by the use of a 
periscope, which projects upwards through the surface of the water; but 
when the boat is more deeply submerged the range of periscopic vision 
is very restricted, and more especially so when the waves are high. In 
actual service, therefore, a submarine when submerged can only be run 
blindly, and the officer in charge is dependent for his direction upon the 
observations made when running near the surface, and upon the indications 
of the compass placed well above the hull in the observation hood. 

Vessels capable of operating when completely submerged are generally 
known as submarines or as submersibles, but the distinction is in no 
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UNORR VARIOUS RUNNING CONDITIONS 
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vi;ay definite. In general, , how'ever, the SUBMERSIBLE, is .’a. vessel capable 
of sinking directly downwards updn ah even keel, instead of diving at 
a small angle while running forward; and it is this submersible type that 
has been adopted and brought to a high degree of efficiency by the Italian 
.Government, In these boats the submergence is effect^ by means of 
. vertical screws disposed within tubes passing from the bottom to the top of 



Fi^ 626.~Cross Section through Engine Room of Submarine (from The Engineer) 


the hull. In the case of the ordinary submarine the trim and buoyancy of 
the vessel are first slightly altered by the admission of water to certain of 
the compartments, and the vessel then dives forward under the surface of 
the water at an angle determined by the inclination of the horizontal 
rudders. Several views of a Holland submarine boat are given in the Plate, 
which illustrates the various conditions under which these craft operate. 

The depth at which a submarine may be expected to run will not 
in general exceed 6o to 8o ft., but the hulls of such vessels are -de- 
signed to safely stand the pres.sure of 150 to 200 ft. of water, and 
submerged tests are frequently carried out at depths of 150 ft. with the 
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crews on board. To. withstand these pressures a circular section is com- 
monly used, as shown in the transverse section through the engine room of 
one of the latest Russian boats, fig. 626; but other suitably strengthened 
forms, which permit of a better arrangement of the machinery, and which 
give better sea-going qualities, are sometimes used. The section shows 
the arrangement of the superstructure with the oil-fuel tanks arranged 
for safety entirely outside the hull, and fig. 627 is an illustration of the 
boat, the Kambala^ steaming at full speed 1 1 knots upon the surface. 

Engines of an internal-combustion type are used for the propulsion 
of submarines on the surface, as the greatest power can thus be obtained 
at the smallest expenditure of space and weight; but oil and vapour 
engines consume large quantities of air and produce hot and objectionable 
waste gases, and it is therefore impracticable to use the main engines when 
submerged. At the present time the main engines are employed when 



Fig. 627.— The Imperial Russian Sulmiarine Kambala, steaming at ii knots 


running upon the surface, not only for propelling the ves.scl, but also 
for charging electric accumulators, and nvhen the ves.sel is submerged 
the propeller shafts are driven by motors supplied with current from the 
charged accumulators. Certain dangers are involved in the use of ac- 
cumulators which contain dilute sulphuric acid, and .serious accidents 
have resulted from the’ evolution of quantities of chlorine gas, due to 
the accidental entrance of .salt water to the accumulator spaces. 

In the most recent vessels special care has been taken to ensure safety, 
by dividing the hull into water-tight compartments and by sealing up the 
accumulator cells, so as to prevent the entrance of salt water; but care 
is at the .same time taken to efficiently ventilate the ccll.s,'*as disastrous 
explosions have resulted from the accumulation of the gases produced 
under normal conditions of working. Owing to these and other dangerous 
features, such as the use of explosive vapours, the small margin of buoy- 
ancy, the blindness of the vessel when running submerged, and the d&ngcr 
of reaching low levels at which the pressure is sufficiently great to cau.se 
either serious leakage or the collapse of the hull, the possibility of dis- 
aster is still pre.sent to a large extent; but during the few years that 
have elapsed since the practical introduction of this type of vessel great 
progress has been made in eliminating the many dangers which attend the 
use of these vessels, even in times of peace. 
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Azobenzinc, ii 14a. 

Azolla filiculoides, iv 163. 
Azoxybenzine, ii X42. 

Aztcca, iii 170^ 

B 

Babylon, i 60. 

Bacillus typhosus, v 80. 

Backbone, iv 107. 

Bacon, Roger, ii 32. 

Bacteria, ii 65; iv 13, x6, 44, 79; v 70. 
Bacteriology, v 69. 

Baculites, iv x66. 

Badger family (Mustelida:), iv 202. 
Badischc Anilin und Soda Fabrik, ii 
go, 103. 

Baer, C. £. von, v 43, 48. 

Baeyer, ii 86, 90, 102. 

Baird, Professor Spencer, iv 211. 
Bakewell. Robert, improvement of 
stix:k, v 11. 

Balance wheels of watches, ii 176. 
Balbiani, iii 125. 

Balfour, Francis Maitland, iv 95. 
Ball, Sir Robert, i 54. 65, 66. 

B;i]lixins, vi 17a. (See Airships.) 
Balmain’s luminous paint, iii 31. 
Baltic, i 160; ii 10, X3; Baltic glacier. 

ii 13; Baltic region, ii 13. 

Bamboo (Dendrocalamus), iii X73. 187. 
Bananas, iii 186. 

Bandicoots (Perameles), iv 181. 
Banyan {Ficus beiijinirusis), iii 178. 
Baobab, African, iii 184. 

Barberry, iv 79. 

Bare-stemmed plants (Psilotales), iv 
60. 

Barium, ii 36. 38. qo. 

Barley (flordeum), iv 4. 

Barnacles, iv 116. 

Barnard, Professor, i 41. 

Barrel trees, iii 182. 

Barrows: long, v 189; round, v 191. 
Basal ganglia, v 13a. ' • 

Basidia, iv 40. 

Basidiobolus, iv 43, 84. 
Basidiomycetes, iv 40, 43. ' 

Basin: Hampshire, i laz; London, i 
xaa. 

Baskets, v X71. 

Bast, iv 53. 

Bateson, v s.3. 57- 
Bats (Cheiroptera), iv 204. 

Batteries, iii 69; electric cell, in 69; 
storage, vi 84. 
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Batteraia, iv 36. 

BattlcMhips, types of, vi 189. 

Bauxite, ii lay. 

Bay: of Bentfal, i 181; of Biscay, 1 158. 
Bayer's method, ii ia8. 

BaylisH, v 107. 

Bean, iii 186; iv 18. 

Bi^rberry {A rciosia^ylos Uwursi), 

iv3. 

Bear family (Ursidas), iv aoa. 
Beaumont, v 107. 

Becher, ii 33. 

Becker, Professor, i 29. 

Beckmann's apparatus, ii 74. 
Becqucrel, ii 45, 47. 

Beds. (See Strata ^ i loo.^ Talchir 
beds, i*i65; Karoo beds, 1 171. 
Beech {Fagus sylvatica)^ iv 2, 5. 
Beer, i 33. 

Beetles (Coleoptera), iv 14a. 
Beleinnitcs, iv 153, x66, 173. 

Beltjrian coalfield, i 156. 

Belffium, i 187. 

Bell, Henry, vi 150. 

Bell I leather [Erica Tetraltv and 
E. cinerea\ iv 3. 

Belcxlon, iv 144. 

Belopolsky. Dr., i 24, 48. 

Belt, iii 169. 

Benncttitales, iv 82. 

Benthos, iv 13, 16. 

Benzaldehyde, ii no. 

Benzene, ii 76, 94, 96, 98. 

Benzol, ii 97. 

Benzoline, ii 123. 

Benzyl acetate (jasmine), ii xii. 
Bernard, v 107. 

Berthelot's apparatus, ii 185 
Beryllium, ii 36, 38. 40. 

Berzelius, ii 35. 

Bhanif, iii 187. 

Bichir (Polypterus), iv 137, 176. 
Bilberry ( Vaccinium Myrtilhi^^ iv 3. 
Binomial system, iii 162. 
Bio-chemistry, v 69, 109. 

Bioffcnesis, iii 117. 

Biology and Physiology, importance 
of in medicine, v 71. 

Biometry, v 44, 52. 

Biophores, v 46. 

Bio-fibysics, v 69. 

Bioses, ii 81. 

Birches (Betula), iv a, 69; alba^ iv 
3; B, Jacquemoniiit iv 2. 

Bi^s (Aves), ii 85; iv 107, 178; Hying 
(Cannates), iv 178; running (Ra- 
tites), iv 17K 

Bird's Nest Fern {Afylenium Nidtts)^ 
iii z8o. 

Birstal, vi 103. 

Bismuth, ii 36, 38, 41b. 

Bivalves, iv lat, 124. 

Blackman, iii xao; iv 19. 

Black Sea, i *177. 

Bladderworts(^/r/rMi!ar/a tninorand 
U. vulgarise iv 16, 83. 

Blagden's law, ii 73. 

Blasia pusilla, iv 5a 
Blastogenesis, v 46. 

Blastoids, iv X15. 13a, 135, 139. 
Blastophaga spp., iv 74. 

Bldriot, vi 185. 

Blocs perchds, ii 4. 

Blood: clotting of, v 77; warm, iv 146. 
Blood-corpuscles, red, v 85. 


Blow-tube or blow-pipe, v 1G6. 
Blubber, iv 175. 

Blue Bell (Campanula), iv 24. 

Boats, V 176. 

Bodmin Moor, i 135, 157. 

Bcehmcria spp., iii 187. 

Bohemia, i 141, z^ ZS9; ii 46. 

Boiler, requirements of a good, vi aa 
Babcock and Wilcox, vz a8; Belle 
ville water -tube, vi 30; Cornish 
boiler, vi 24; cylindricm or Scotch, 
vi development of, vi 23; egg 
ended, vi 24; flash, vi 3a; Gmloway 
vi 24: Lancasliire, vi 24: locomotive 
vi 26; Niclaussc, vi 3:; Normand 
vi 31; portable, vi a6; Reed, v 
3^1; Stirlinjg, vi 29; Thornycrofi* 
Schultz, VI 31; water-tube, vi 27 
White-Forster, vi32; Yarrow, vi3a. 
Boiling-point, ii 176. 

Boisbawlran, Lecuq de, ii 4a. 

Bulas, V i€ 6 . 

Bolide theory, i 3Z. 

Boltzmann, ii 35. 

Bone, V 97. 

Bone caves, ii Z5. 

Bonnet, iv 94; v 48. 

Bony pike (Leiziclostcus), iv 176. 
Boomerang, v zba. 

Borer, v 185. 

Borides, ii Z38; carbon borides, ii, Z3& 
Borneo!, ii 87. 

Boron, ii 361 .‘18. 

Botan;^', Hi z6i: applied, iii Z64; syste- 
matic, iit z6x. 

Bothnia, Gulf of, ii 18. 

Botrydium, iv 3a. 

Botrycxxxxus Braunii, iv 15. 
Botryopteridem, iv 6a, 82. 

Botrytis cinerea, iv 47. 

Boulder clay, great chalky, ii 2, 
Boulogne, i 173. 

Boveri, Hi 136. 

Bow, v 164; composite, v 165; cross- 
bow, V 165; self-bow, V 165. 

Bow-fin (Amia), iv 154, Z76. 

Box {Buxtts sempervirens), iv 5, 24. 

I Boyle, Robert, ii 33, 65; law of, ii .73. 

I Boys, i 62: ii 154. 

I Brachioixxls, iv 135, 138, Z39. 

! Brachycephalic, v Z96. 

I Bracket fungi (Polyporaccm), iv 47 
Bracts, iv 34. 

I Bradley, i 42. 

I Brahmaputra, i zaa, t8z. 

Brain, v 130: of mammals, iv 146; of 
man, V.1S9: parts of, v 13a. 
Branchiosauria, iv 137. 

Brassica, iv 5. 

Braun, i 6a. 

Brazil, iii 176. 

Brazilinc, ii 91. 

Breadfruit, iii i8x; tree {Artocaifus 
£ncisa\ iv 20. 

Bricks, ii 115: sun-dried bricks, v 175. 
Bridge ringed structure, ii 87. 
Briquettes, i Z54. 

Bristle-worms (Chstopoda), iv 105. 
Bristol Channel, ii 3, 15. 

Bristol coalfield, z Z56b 

Britain, i za8; North Britain, i 145; 

ii If. 

British agriculture, v 3; after the 
decay of feudalism, v 7; An^lo- 
Saxons, v 4; beginning of eigh- 
teenth century, v 7; Ccesar's ac- 


counts, v 3S Cdti, life of, V 4t 
co-operation, v 3a; description by 
Tacitus, V 3: effect of rise of com- 
merce, V 7; expansion of, v 3a; 
feudalism, v 7; improved transit, 
V 33; land not fully used, v 34; 
oversea competition, v 33; return 
to pasture, v 33 : Romans, v 4. 

British area, ii 15; last stage in evo- 
lution of, ii 15. 

Brittany, i 141, 158. 

Brittle-stars (Ophiuroids), iv 103, 

>49. >64- 

Hrixham Cave, v 183. 

Bromeliacea;, iii 18a. 

Bromine, ii 36, 38, 42. 

Bronchitis, v 150. 

Bnmtosaurus, iv z6o. 

Bronze Age, ii 1 2; v 190. 

Brown rot (Mouilia/ruetigindit iv47. 

Brucine, ii 89 . 

Bruguiera gymnorhiza, iii 184. 

Bryony, iv 79. 

Bryopsis, iv 30. 

Bryum, iv 7. 

Bubble-shells (Bulla), iv 15a. 

Buckland, Frank, iv an. 

Buckwheat {JFagopyrum escttlen^ 
turn), iv 4. 

Buffalo-grass {Bucklor daciyloidesU 
iv 3. 

Bugs (HemipteraX iv 136. 

Buitenzorg. iii 175. 

Bull's-horn Thorn, iii 170. 

Bulrush {Scirptts lacustris\ iv 17, 24. 

Burglar alarms, iii 42. 

BurityPnlm {Mauritia flexuosa)^\\ 3 Kk 

Burman, i 181. 

Butane, ii 53. 

BUtschli, iii 126, 136. 

Butterflies (Lepidoptcra), iv 177. 

Buxbaumiem, iv 52. 

Byssiis, iv laz. 

Bythinia, iv z68. 


Cabbages, iv 5. 

!!^acno tree, iii z8i. 

Cacti, iii z8a; iv6. 

Cadmium, ii 36 . 88 , 

^mnolestes, iv i8z. 

^cesalpinicm, iii 18a. 

Ccesium, ii 36, 37. 38. 

Caffeine, ii 89, 90, 107; iii 182. 
■ainozoic or Tertiary epoch, i zaS, 
Calais, i 156. 

yolamites (Cala'mariem), iv 58, 81. 
Calamoichthys, iv 154. 

Calcium, ii 36, 38, 40; calcium citrate, 
ii 69; calcium hydroxide, ii 69. 
California, i z88. 

Calkins, experiments of, iii 142. 
lallendar, ii 187. 

Calluna vulgaris (Ling or Heather), 

*V3; 

Caloric, ii 174, 179. 

!alx, ii 33. 

Calypogeia, iv 50. 

Cambium, iv 78. 

Cambrian animals, iv 1 10; competition 
for food, iv zzz ; creepers and bur- 
rowers, iv 112; fixed and slugmsh 
forms, iv zio; jgreat variety of, iv 
110; plankton, iv iii. 
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Cambrian period, i laS, 199, cli- 
mate of, 1 141; distribution or Cam- 
brian rocks, i earlv Cambrian 
land, i 141 ; cany Camorian sea, i 
fflacial conditions of, i 14a; life 
of, 1 143; volcanic activity during, i 
143: younger Cambrian, i 141. 

Camels (Tylopods), iv 196. 

Campanula, iv to. 

Camphor, ii 87. 

Camponotus, iii 170. 

Campos (of Brazil), iii 184* 

Canadian Water Weed {Elodea cana~ 
densts), iv 16. 

Canal rays, iii 58. 

Canals v railways, vi 161 ; traction, vi 
161 : Kaiser Wilhelm Canal, vi 165; 
lifts, vi 1^; locks, vi 164; Man- 
chester Ship (^anal, vi 164; Panama 
Canal, vi 165; Suez Canal, vi 164. 

Cancer, v 150; research on, iii 139, 

Candelabrum trees, iii 184. 

Candles, ii 1 18. 

Canes vcnatici, great spiral in, i 41. 

Cannabis sativa, iii 187. 

Cannon bone, iv 194. 

Canopus, i 45. 

Caoutchouc, ii 86. 

Capella, i 57. 

Capillarity, ii 169. 

Capsules, of liverwort, iv 5a 

Capybara {JHydrochvrus eajyhara\ 
iv 198b 

Carbides, ii 137: silicon carbide, ii 137. 

Carbohydrates, ii 81, 84. 

Carbon, ii 36, 38^ 44, 5a, 80, 81, 83; 
carbon atom, ii carbon mon- 
oxide, ii 5a. 

Carboniferous Period, i xaS, ta^, 149, 
167; climatic conditions during, i 
154 ; cofil seams, formation of, ^ i 
15^ 151; consequences of mountain 
building phase, i 160; land fauna, 
Iv 135: swamp formation, i 150; 
marine fauna, iv 131}; marine phase, 
i 149; mountain building at end of, 
i 155: transition phase, i 149; undcr- 
clay, i 150. 

Carborundum, ii 137, 185. 

Carboxyl group, v X14. 

Cardamoms, iii x8x. 

Cardiff, ii 15. 

Caribbean Sea, i 177. 

Carnac, v 189. 

Carnarvonshire, ii 6. 

Carnivores, teeth of, iv soi. 

Caro, ii xoo. 

Carp, iv 176. 

Carjiathians, i 177. 

Carpels, iv 67. 

Carpogonia, iv 38. 

Carrington, i 7a 

Cartilage, ii 84; v 97. 

Caspian Sea, i 174, 177. 

Cassava, iii 181. 

Cassia spp., iii 187. 

Cassini, i 19, 25. 

Castellani, v 145. 

Castilloa elastica, iii 187. 

Castner process, it xa9, 141. 

Castor, 46, 48. 

Cataclysm, i 125. 

Catasetum, iv 72, 79. 

Catastrophism, i 125, xa6. 

Cat family (Felidce), iv 202. 

Cat-fishes (SOuridae), iv 176. 

Cathode rays, iii 52, 54: deflection of, 
iii 54. 


Catingai, iii i8t. 

Cation, ii 77. 

Caucasus, i 177. 

Caulerpn, iv 30. 

Cauliflory, iii 178. 

Cavanillesia arborea, iii 18a. 

Cave Bear {JJrsus ap^aua), iv aos. 
iBCave-moss {Sehitdwtega osmuu^ 
dacea\ iii x66; iv 52. 

Cavendish, ii 33. 

Cave ixcriod, v 185. 

Cecropia, iii 170. 

Cedars,* iii X87. 

Cedrela spp., iii 187. 

Cells^of body), iv97; v 68,69, 73; amoe- 
Ixxid cells, v 76: cells as energy 
transformers, v 73; cell division, 
kinds of, v 87 ; columnar cells, v ic»; 
common characters of, v 84: ditj* 
ferences between cells, v xi8; dif- 
fen'iit forms of cells, V95; egg cells, 

v 138; eqiilibriuni of cells, v 113; 
enzymes and cells, v 9c; fertilize 
egg cells iii 148; genersu considera- 
tions on cells, iii 130; goblet cells, v 
9(j: nerve cells, v 108: organizat’cm 
ot cells, iii 125: propagation of 
cells, V ?4: proteins of cells, v 113; 
sense cells, v 109: siiecialized celfB, 
V 83; union of cells, v 75. 

Cells (gaivsmic), iii x 17; simple cells, 
iii 69; Decker cells, iii 70; storage 
(or accumulator) cells, iii 70 ; vi 
Cell theory, iv 94. 

Cellulose, ii 82, 92. 

Cell-wall, iv 49. 

Cement, vi 90; cotnposition of, vi px; 
Ferro-concrete, vi 91,94; making of, 

vi 9x ; Portlandcement, vi 91 ; Roman 
cement, vi 91. 

Ccmcntitc, vi 100. 

Centaur, i 37; Alnhii Centauri, i 37, 
39, 46, 47, 48; CA’ntauri R*. i 47. 
Centipedes and Millipedes (Myria- 
pcxla), iv X07, 129, X35, 157, x68, 177. 
Central nervous system, iv xa6. 
Central Sea, i 170, X72, X74, ^76. 
Centrosomes, iii 13X, X33; v 88. 
Cephalogale, iv 202. 

Ccphalopods, iv 112, 135; evolution 
of, iv XX9, 133, 174; Knt 3 | of, iv xxp, 
X 24, 138; ce^alopods with internal 
. shells, iv 140. 

Ceratium (Peridinem), iv X5, 34. 
Ceratosaurus, iv 159. 

Cerebellum, v 13a. 

Cerebral localization, v 134. 
Cerebrum, v 13a. 

Ccreus jamnearu, iii X82. 

Ccria series, ii 44. 

Cerium, ii 36, 45, 119 
Cetraria, iv 7. 

Chaetocladium, iv 4a 
Chxetonema, iv 31. 

Chalk, i 174, 176. 

Chamberlin, Prof., i 55; and Salis- 
bury, ii 8. 

Chambers, Robert, v 37. 
Champsosaurus, iv x68. 

Chandler, Prof., i 6a. 

Chapparal, iv ix. 

Chardonnet, ii 1x7. 

Charles, Prof., vi X7a.* 

Charlier, i 67. 

Cheirostrobus pettycurensis, iv 59. 
Chelone, iv x68. 

Chelydra, iv 176. 

Chemical change, xt 31. 


Chemical oombimitioni ii 51; lawi oi^ 

M34« 

Chemical solution, i 93. 

Chemical synthesis, iii 124. . 
Chemiotaxis, v 79. 

Chemistry, history of, ii 31^ 37;^ nature 
of, ii 31; industrial applications o( 
ii 126. 

Chenopodiacee, iv 7. 

Cheshire, i X63; ii 6. 

Chestnuts, iv a. 

Chevrotains (Tragulincs), iv 196. 
Chewing the cud. (See Rumination,) 
China, i X38: ii xo; Yang-tse River, 
i 142, 

Chinese magazine cross-bow, v 16.5. 
Chlamydomonas, iv aS. 

Chloral hydrate, ii X09 
Chloramceba, iv 26, 32. 

Chlorine, ii 36, 38. 51, 52, 63, 140. • 
Chlorococcum, iv 30. 

Chloroform, ii X09: v X17. 
Chlorophora tinctoria, iii xSa. 
Chloroplasts, iii 128, 131. 
Chlorosaccus, iv 32. 

Chluroxylun Swietenia, iii X87. 
ChondrostcuH, iv 154. 

Choppers, of stone, v XC5. 

Chorda, iv 36. 

Chromatin, iii 131; v 87. 
Chromatophorcs, iv 26. 48. 
('hrumium. ii 36, 38; process of Gold- 
schmidt, ii 143. 

Chromogenc, ii 105. 

Chromophores, ii X05. 

('hromosumes, v 47. 

Chromosphere, i 15. 

Chronology of the rocks, i 127. 
Chrysamoiba, iv 26. 

Churrus, iii 187. 

Chylocladia, iv 38* 

Chytridineie, iv 43. 

Ciliata, iv 98. 

Cilium, -n. iv 98. (Sec also Flagal- 
liiM, v 79.) 

Cinchona, iiSq. 

Cinematograph, iii, 25, 3a; botanical 
applications of, iii 3a. 

Cinn.imomum zeylanicum, iii i8x. 
Cinnamon, iii i8x. 

('Irculation, v 82. 

Cirque, i 117. 

Cistopoda, iv 138. 

Citrus, iii 187. 

C'ivet family (ViverricUe), iv aoa. 
Civilization, factors of, v 193. 
Claditim Marisci(p (Twig-rush), iv 24. 
Cladonia, iv 7. 

Clndophora, iv 17, 31, xx8. 
Classification, iv 91; of anjmals, iv 
96; natural classification, iv 96. 
Clathraceee, iv 4X. 

Clausius, ii 35, X72. 

Claviceps, iv 4X. 

Clay, ii 1x4. 

('lays, i xoa; red clay, i 98. 

Cleavage, i 145; cleavage planes, i 
145; Maty cleavage, i isjS. 

Clcrke, Miss A., i 40, 49, 50, 59. 
Clerk-Maxwell. Prof., ii 35. 
Climacograptus, iv i x8. 

Climate, Tnipical Zone, iii 174; muta- 
tions of climate, iv 173. 

Climbing plants, iii 16& 

Clostridium pasteurianum, iv 44. 
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i 1^; entfnr from coal, vi 5 

ftmiatiM of 0^ i iM i$tt aaa 
II U9: kinda of ooal, 1 15a; Coa 
period, i lafii lay; soft coal, 1 15a, 
•ateam coal, i 15a; onderday, i 150; 
uaea of coal, i 153; wood, 1, 15a. 
Coalite, ii 94. 

Coal tor, ii 94; coattar induatiy, ii 
^a^nojjS of the diatiUatioo of 

Cobalt ii 36b ^ 40, 44. 6a. 

C%». ii 89; iii 187: coca plant, ii 109. 
C^ne, ii 89, 109b 
Cocconeia' W 17. 

Coccoeteua, iv 134. 

Cochineal, ii 91; <1 
Cochlea (Cardium)^ iv 140b 
Codcroa^ order (OrthopteraX iv 13a 
136. 

Cocoa, iiSp. 

Cocoa nudfrra, iii 187. 

Codonanthe Uleana, iii 17a 
Coenenchyma, iv 113. 

Ccsnoaarc, iv 113. 

Coflfee, ii 89, 107. 

Coherer, iii 84; mereuiy coherer, iii 

86 . 

Coina v 18a 
Coir, iii 187. 

Coke, ii 93 * 97 i 98 < 

Cola app., iii 18a. 

Cold, eatreme, ii, 18a 186; Dewai'a 
reaearchca ii itt; atorage of lique- 
fiedgaaea ii 186 i Lindea method, 
ii 186b 

Coleochmte, iv 17, 31. 

Collimator, iii 14. 

Colloida ii 173: iS na 
Cdocaaia qip^t iii >81. 

Colocynth iCiintilua eoloiyiUktk}, 

iv7. 

Coloniea iii 133. 

Colour, change of, ii 79b 
Colour Uindneaa iii 36; importance 
of teata for, iii 37; teata for, iii 3^ 
Coloured glaaaea 114. 

Colour film experimenta iii aa 
Colour photography, Lippmaan'a iii 
la 

Cokmra iii 181 of transparent au^ 
atancea iii loi dirfooe coloura iii 
19 - 

Colour viaion, iii 36; Young^Hdm- 
hdtx theory, iii 36. 

Colaitia 

Colura, iv 3a . 

Colxaoil, iv 3 > 

CombeheOa (Peden), iv 14a 
CombuBtion, ii 33. 

Cometa i 541 teii* of, in 41a 
Commerea origin of, v^ifra 
Common Bugfo (Ajhigm i? 

83. 

Commutatoa Hlgok 
Comprendon, li 16a 

Qg vohiqoiim o Qw 

Condenaera iii pa 76; vi 4a 
Cooductioii, 8 177.. 
vot VI* 


Coaiea(0yfncoidiOb«-tii£^^^ ' 
OoniiH&hrdii. 

Conii^88a 
Conium maciilatum, 8 Sa 
Cooiiiiggtioo, ryg. 

ConplMioo of matter, iii 3a 
Conattuction, amterialaoC vlSf, 
Conaumption, V 14a 
Continental ahdf, 8 aa 
Co-ordinatioa and control ▼8{s».i3a 
Copa Prof* O. C.,iv9ss V4a 
CopeiBicua(a B t r o ii oBMr)b ia 
Copemicua Chinar mountain^ i 3a 31^ 
Copper, i 137s 8 3a 3|Bs plating, 8 
13m oldprooeaan w preparation 
oF copper, ii 130; renauig of copper, 
ii* 34 - . 

Copper aga V X9a 
Copper aulphata 8 7a 79. 

Copra iii 187, 

CoraUina, iv 3a 
Corallium, iv 164. 

Coral reefa Padfic, 8 ifo iv 1x4. 
Corala iv xoa 113. laa 13a 135, 139, 
iMj Anthm IV 148; agl^yed 
I {OctocorallaX iv 164; Hydroioan, 
IV, 173; four-rayed or Rugoee. 
(TetramrallaX iv 1391 aix-rayed 
(HexaobraUa), iv 139, 164, 173. 
Cordiorua app., iii 187. 

Cordaitalea iv6& 

Cordita 8 f la 
Cordycepa iv 40. 41, 4a 
Cometa iii 4* 

Cornflower, iv 79. 

CoenwaU, i 135, 137, 1381 8 13. 
Corolla iv 69. 

Corona i 15-16. 

Coipua calloaum, v 13a 
Corpuadea 8i 33. 

Corraaion, i 77. 

Correlation of factora in planta iv 19b 
Condation of fonctiona in planta fr 

i& 

Corroaive aubUmate, ii 33. ' 

Coraica 8 17. . 

Cortex, of braia v 13a 
Cocyanthea iv 7a 
CooBBarium, iv i7. 

Coamogony, Iheoriea of, i Chap. VII. 
Coeaar Bwatt, Profeaaor, iv 013. 
Cotfoa iii ifo; iv 73. 

Cottonwool, ii 64. 

Cotyledona iv6f 
Coumarin (new-mown hayX 8 iii. 
Countinw. v 18a 
Cfowbeny (ntrMm 
iv 3. 

Cowdl, P. K, i 3a 6a 
Cowriea<Cyprmal iv 13a 
^rdw, iv X3a 
ChuBOW, 1 177. 

(^nberry {VaeeiitHm 

Craidal index, v 196. 

Orapaii^ 

Oratmgua iv 33 - 
CrawfM Rob^ i afl. 

Crayfiehea iv 13& 

Cfeatia88|- 
Creodonta iv 173, 

Creat (aec diif lies. 





CriMida irifob 
Critical 64.- . 

Crirical p reeau r a 8 6^ - ' 

OrlBeal temperaina 8 
Critical vohnnaUflf 
Grocodilea iv S44, xgA 137, A ' 

(/roU, i67( 

Craokca (Sfr WOlimaX hniothe^ 

44 * 43*13^183; 8 i 39 » 34 * 

Cropa improvenMat of, v ea; KaUett ' 
andPattraoavM hmirovedvarie* 
tiea of Knight aim Shirrefr, V aa 
Croaaotiieea iv66b 
CroeatwUiaatioa iv 69, 
CmaadbabdlaCCanoeilariaX hr 16& 
CnataMgi, 

Cryptoprocta iv 003. 
Cryatalloidai8ii& 
C^nittfo^^bly^r|^actiiig, uiA apt 

I Cubitt, ^r William, vi 16b 
(hildtium, iv it. 

CuUercoata marine laboratory, ivet3> 
Culturea pura v 7a. 

Cunningham, J. T., iv 014* 

Curcuma rubdcaulia 8 71, 

Curia Madame, 846b 47. 

Curie balance, 8 138. 

Current deneity, iii 69b 
Chirtia Dr., 148. 

Cuahion planta iv la 
Cuapa i ii8b 
Cuatard applca 81 18a 
Cutch or gambler, 8 91. 

(hitieriaceea iv 34. 

Cuttle-fiahea iv 119, 14a 13^ 174* 
Cuvier, iv 94. 

(^athcacem, iv6a 
Cycadalea iv64. 

Cycadofilicea iv 66b 
Cydaa iv 168. 

Cydotella, iv 14. 

(^gnuat alpha Cygnl 143; 61 Cygdp 
1J7.4A 
Cymbala i8 4. 

Cymotrichi, v 193. 

Cynodictia iv eoi. 

Cypridea, iv 136b 168. 

Cyiena, iv 131, 137, 168. 

Cyrillua i 33- 
Cyetocarpa iv 3K 

1391 eaaeion 01 t^racQMi, iv 114* 
Cyatoadra, hrjA 
Cytology, 18 i^S vda 
Cytolyaia v loa 
Cytoplaam, Hi ia6$ V84. 

C^apdt ivifli 


Daggera vi66b 
Dalb^a app., iii j 8 f, 
Dalton, John, ii 34. 
Danddion, iv 73. 
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'Mi iv tik ill 

OifivlibSfkam 

\tnack, IB ti); v Bfb «, ' 

rCkoiie.iBak^C|. 



It A. 

X>tte Pito 

7 - 

Dftvy. Sir Humpkiyt 0 ttg- 
Dawct»ii6k 

Deidly Nwhtdiade AOi- 

4 mmX II 89 > 

DewlScft,iix& 

Death rate, lowering of, v 147. 
PebienMkB 4 fi» 47 * 

Decapoda, av lej. 140^ tgp, 15S, 164. 
rDeoean tmpa, i 175. 

Ikrfp iv 196! Cliineee Water Deer 
fHydropoteX iv 1972 Irieh Dew 
iCaroM jKpeailMsX iv 107; Muek 
Deer (AnwAarX iv 197: Red Deer 
(CrroM abpAaftX iv 
DeGeer.iv94. 

DeLaire,ii99. 

DelUcqutiIei.i4& 

Demar^ay* >i 45> 

DematerUiialjon. n ja 
Democritue, li je. 

Dendrites, v 131* 

Denudation, agents of, 177: initiation 
of. i asps cym of, i isj; an extreme 
climates, i 73; in regions of great 
cold, i 842 in temjperate regions i 
ps; in tropical rmpona i 78; anarine, 
a 95; of a sea din. i 77. 

Denudation curve of running water, 
i 118 

Deposition, i 96^100; shalloiring r^ 
suiting from, i 99, 

Deposits abysmal, i 98; consolida- 
tion of, i aos; deep sea, i 97^; en- 
glacial or intra-gladal, i IB, 9a; 
Bttoral, i 96: shaulow water, a 97; 
subgladal, i 91; variation in, i 99^ 
aooi 

Derbydiire neck or goitre, v isS. 
Denaaoncma. ivjIB. 

Derwent, i ass. 

Desert lichen (teoaone taculemia), 
iK 164. 

Deserts, i 78; Aralnan, i 78; Atacama, 


D ihtoi M i; hr 14, 
tX 8 tiyM 9 .lv 1781 
P i andeoin f a M idi, di M oe i r y eft 8 lair 
jljhdUoStiVtinbbrtriL .. 
Dicliog8my.iv7i. 

Diehuingnptiii, hr »& 
DietyotiiMMkhrjt, 

Dicyiiodoiitik iv 143, 

DidyiniuM.il49> 

DidymognphMt Iv 1x8. 

DBfraclioo. 18 t8L ss| diffiraetioii 
grating, S n3i 

DilfrasiQn of gases, u atf; of Bqhidsk 
ai a66t of soBdaTa ad8 
Digeataofi.884. 

Digging^otiek, v 169 , 

Digitignde, av a86. ape, sox. 
DimethyliuiiUaiek 8 xooi 
Damofidia, ivsA 
Dimoiidiandra anon, ui aSa. 
Dimorphograptusk hr xa& 

Dinoeeraa, iv a88 
Dinornia maximus, Iv xtS, 



ucpwcs in, i 8s, m: flora ofl iv 5: 
KS; 1782 Kalahaul i 782 Mexico, 
i 782 .Peruvian, a 78; Sahara, i 78 
De^ sand, i, 8a, ^ 

Destructive distiUatian of coal, 8 94. 
Determinants, v 48 
Deutacher See*Fiacherei Vercin, iv 
sop. 

Devdopinent, iiidirect, 8a X49b 
Devon, a ajs, 1572 8 15. 

Devonian period, i aa8 asp 147; areas 
of deposit, i 1472 brackUrerater or 

" 


av 1342 marine anna, iv ijs; marine 
aedimrat, 11472 OMRedaeaidelone, 


Lsi&Sto 

volcanic rocks of, i 148 
Dewar, work ofl 8 84, x88 
Diabetes tndHtwe. 8 aao; e xi8 
Diaaoada, artifidal. 8 X38 
1..V77. 
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, *Sft > 77 S 
laX iv. a992 Bird< 

X702 Riptileriboied (kiuropo^X iv 
«d9» 189. 

Dinotherium, iv xflp 
Diogenes, 8 3a. 

Dknuea, IV4. 

Dioaoorea epp., iil a88 
Dio^iyros epp., iii a8a. 

Diphenyl aodonium kxtidck 8 5s. 
Diphtheria, v 104, 153. 

Diplodocus, iv afo 
DiplogrMrhiat iv ai8 ^ 
Diplomystus, iv 16& 

Dipodaacua, iy43. 

Diprotodoa, av a8x. 

Dipteroa, av 134. 

Direct diediarge, ui 98 ^ 

Disease: difliculty of draHng with, v 
68; eradicatkm iri, v 148: nature 
and, ▼ 682 prevention of, v 67; 
treataaient of, v 67; tropical, v a48 
Dimerekm, 8i ax; anomalous dispel^ 
, Sion, ui 17. 

Distillation products, 8 is> 
Distorting proc e ss e s, v xts. 
Distortion, ui la. 

Distribution, iv aps; of animals, iv 
. pa; discontinuous distribution, iv 
aps. 

Divalent, 8 5a. 

Divides, i ai7. 

Division of labour, fa anfanale, V83. 
Docks (Rumex app.X iv 78 
Dog fiumly (CaadteX iv sox. 
Dc^hooebhaiXe, v 
Dolmens (CrbmleGhaX v x8p 
Dondera and Handnirger, work on 
osmotic pressure, ai 7x. 
Doreatherium, iv 198 
Dorsal, iwieg. 

Dorset, i xflts. 

Double key, 8i 43. 

comicncivOvufuiiVi iwi svoiiiciofif 
i 46: periods of revototion, ! 462 
spectioooqpie diaraetera, i 45; eye- 
temsandlileof,i47. 

Douglaa .Fir (AradMnwe Dm- 

gjtmii), IV 5. 


■ » I 

I XSS2 aupexpoaedt t xa| 
Drdsscnda, iv 178 
Drift perfad, v X841 oonftoftad driftk 
8s. 

Drosera, iv 4. 

Drugs, 8 107; 18 x8a, 187; ppedfic 
action of, V 1x8 
DrumUns, ii 5. 

Drums, iii 4, 

Dry-rot (AfsmMet laetymam), iv 47. 
Duck-mole (OmithorhyndiusX iv x^ 

xSoii 

Dudcweeds (Ltmna gibba and L, 
^ofyrrkuait iv x8 
Dudreanaya, iv 38 
Dugongs (HaliomX iv 174. 

Dugmit, V a78 

Dulong and Petit, law of, 8 41. 

! Dumas, 8 xa4. 

‘ Dunes, i8a. 

Duodenum, v xoa 
Duriiam, i aa4. 

Durian, iii 18a. 

Durio xibetbinus, m x8s, 

Dllaaddorf coal fi dd, i x j8 
Du Vivier, 8 1x7. 

Dwellings, v X75. 

Dwyka conglomerate, a 165, X71. 
Dyeing, 8 1x7. 

D>'estc^ 8 90; sulphur, U X04; 

theories of, 8 X03; yeuow, 8 xoa 
Dyewooda in 18a. 

Dykes, i xax. 

Dynamite, n iia; vi a98 
Dynamos and motors, iii 89, ps; vidy; 
alteraiating«urrent, iii 91; alter- 
nating-current generatora, vi 73; 
compound-wound type, viyx; direct- 
current, iii pa; eariy, vi68; modern, 
vi 70; multipolar, vi 7a ; polvphaae 
machinea vi 752 series-winding, vi 
7x2 shunt-wound machine, vi yx: 
raemens-Werner, vi 69; winding of 
Add coils, vi ya. 


Bar, structure of, 8i 3. 

Barth, i 3. 9, 38 70; age. i 63] chang- 
ing edoentffi^ oTorbit, a 63, tf; 
denrity of the Blf^, iii xo£ eariiest 
condition ofl i asp; evolution, i m; 

rieSi' eti?!Sate^ 

aiiddiape, 14. 

Barth contoura origin o^8i 103. 
Bartiaenware. 8 xi4. 

Baxth anovementa i 78 ao32 < 
of,i ao32 eflecfoi ' 

Bartihout, iii a8i. 

Barthquakea i 108 1x3; record of, 8i 
X06; study of, i X13, XX4. 

Barths, rare, 8 44. 

Bartiaworm, av acp, 

BaetlndfaikixA ■ ■ 

Bbony,8ix8a 

BcgoninekBflpk 



if-ivw 

19 ^ 7 , 

BetaeupUik i^ .Jfl Jt> ^Mmu ^ 
Ivjfi, 

Bctoderak ly tw. 
Bd^pUefiu^^pIfuitli^ 

Bda^ fermatfany In IIm tnfkh 
lii 184. 

Eddington, 

Bddyitone UghtlioiMe, i 1^ 

BdiUe fiih, nntunl hiitory iy M7. 
Bdktns, y loB. 

Bell, iv 166, ifd; lifediiitocyof, iy n^i 
Egg appentuib iy 67. 

Egpcdl, iv 67, 

Egypt, ii 14. 

Ehienbaum, iy m 8L 
Bifel, i 15& 

Eka-^luminiuin, 841. 

Eka-boron, 8 4ii 
Eka-iiltcon, Ii 4a, 

Elna guineenaii, iii i8t. 

Elaitin, ii 84. 

Elnteri, iv 51. 

Electrical machine!, ill 47, 50. 
Electrical power, vi 8a: diitribution, 
yi 8a; production, vi 8a; tranimie- 
lion, VI 8a. 

Electrical reeonance, iii 84. 

Electric belli, iii 4a. 

Electric cautery, iii 78, 

Electric cooking, iii 47. 

Electric current!, ni 40, 41, 51. 
Electric flatrirohi, iii 47, 48. 

Electric furnace, ii iH, isu Cowlea' 
electric furnace, ji i^rAfoiiaan'i 
electric furnace, ii lyoT 
Electric heat, iii 47. 

Electric lighting, iii 47, 4& 

Electric aparka, iii 5a. 

Electricity, iii 40 : advanturea of, ii 
177: electron theory of, in da, 66; 
high 4 requency current, iii pSt 96: 
low preaaure, lii 97: matter and, 81 
89-93; medical amicationof, iii 
^ve, iii 58: Thoam'a (]. J,) 
reaearchea in, iii 98. 

Electrification, iii 47, 5% 

Electrode!, iii 3a. 

Blectrolyaia, iii 67; Clauaiua' theory, 
ii ?6: efecMyticdiaaociation, theory 
of, ii 78; Gro^uaa* theory, 8 7& 
Blectrolytea, ii 76, 79; i8 67; non- 
electrolyt^ 8 79. 

Electromagnetic fbroea, iii 73. 
Electromagneta, 41. 08; 
tanceof, 18 4a; polea of, 18 4 

Blectrona, 8 49, 178; 18 & dB; 

tion of. 18 and heat, 18 70 ; 

and light, in 79; tranaition periodo 
of, 8i 75. 

Blectrpn tiwoiy, ii 49, 

Electroplating, 8i d 0 L 

Electro ty p i ng, 8 139; 81 67-89 

^ W ^ anden^ 8 aa; 
811818^ oCfl 491. ganeaia of ^ 



i pad^ 841 ; 1 

p r ad i ction 01 new, 
a 411 tranaf 


of, 8 48, 

EkgMta gWboacidea X iv 18B; In- 
Eletlatia ^ppk, 18 181. 


ffid 9 

848 f 

fy pt* 

Bmbcyoik mochanical^fMonot T79 
Ba^pedodm^ 831, 

Bnteiji, 

B np yona m a. iv 17. 

Bndodenn, iv tot. 
BndoiBoaia,8itt9. 

Endoyperm, iyd4, 68 
Bneigid, 8i tiE 

Energy. 8 tjd; biotic, v tta; convei^ 
aionofi 8 137: creationof, iinpoaaade, 
8 1371 diMpatiooofi 8 179; kinetic, 
ii t57; ongm of radioaetive, m 64; 
phenomena, v 73; potential, ii 157; 
aourcea of, vi 41 apontaneoua pro- 
duction of, i8 64; atorea of, 81 89 
101. 

Engineer, the modem, vi 3. 
Engineering and adenoe, vi 3. 
Baginea, heat efiidency of, vi aa; in- 
tanal-combuation, vi 57. 

England, i 187; Central England, i 
iM, 17a. 

Engler, 8 tai. 

Englidi Channd, 8 t^, 

Engram, 18 tat. 

Enteric fever.v 158; diagnoaiaof,y8o. 
Ehterokinaae, v loE 
Enaymea, v 97; importance of, v 98L 
Eocene, i t 38 : 8 1: iv 17a; dimate ofi 

. • 

Eocetua, iv%75> 

Eolitha, 8 la; v t^ 

Eoairen, hr 175. 

Eotherium, iv 173. 

Ephemeropaia tjibodenaia, iv 5a. 
Epicureana, 8 3a. 

Epigeneaia, y48. 

Epflepcy, y 134. 

Epiphytea, 8 i t68, 178^ 18a.. 
Epithelium, y93. 

iv 38, 

Equivalent!, 8 34, 4a 
Eratoathenea, i 4. 

Erbium, 8 3& 

Erect poature, y idix 
Eremurua, hr 14. 

Ergot of Rye (CZamtogfe 
iv 4t. 

Briodendron app,, i8 18a. 
Broa,i8,3t. 

Brratica, 83. 

Eruption, liaaura, i ita, 

Ervum Len9 81 tSfi. 

Erythfoiylon Coca, 8i t87. 

Bdurab i 91. 

Bakimoi haipoona, v 164} bowa, v 
tds; lampe, v tyt; apeararowar, 

• yid4. 

Eapartok8it& 

Bapdetia, iv 11. 

Eaten, 88a. 

Bthaiie, 839 

Ethera. 8 34, 79 86k 1091 ill & 

AUtyi mtnctk or awaai aP"^^ 9 - mere, 


Mr ,4; : 






tetdii cC hr 18ft 

Evapondkiaiffi 1771 affipef of ptomw 
on, 8 177. . . , » . 

Evolution in gaologyi fcndii 

iio;-Cambf 4 n Period, iv tii‘ 
Caiboniferoua Period, hr 131 
vonianPeM,!' 

Bpodi, iv 139: Oidoi 
ivti3-iaa; Paueoaoie 
Permian P eriod, Iv iJB; 
Carbonifema PerM iv 
rian Period, tv 143-131; 

Period, iv 139-146. 

Exanthemata, v 8t. 

Exchange or barter, v i8ob 

Excretion, nitrogenouak v 8a, 

~ oamoaia, iii 119 

Expanaion, 8 173. 

Bxplodvea. 8 ita; vi t9B; axite, 1 
aoi; balliilite, vi aoo; cordite, t 
aoo; dynamite, vi 19B; gun oottoa 
vi 198: lyddite, vi aoi; melinite, 1 
aoi; nitroglycerine, vi 198; ehimoei 
vi, aot. 

Exteneometer, Searie'e, 8 131. 

BxuvbaUa, iv 34. 

Eye, optics of, ni 3a; ibeudng oS, i 
33; itmcture of, lu 33. 


Faculask i 19 
Falck, iv 40. 

Fan-etmeture, i tof. 

Faraday, 8 d9 
Faradisation, iii 94. 

Fatigue and normal deep, v 118. 
Fate, 88a. 

Faulta, iio4, 107: normal fiiultai 107; 
pvertfaruat faulta, i 104; aCqi naulta, 
i 107. 

Fayfim, iv 176k 188. 
FeatherietanfOpbiuroida), iv 109148k 
164, 179 

Feeding atufia,ArtificiBl,v 03s cotton- 

aeed and other cakea, V 84. 
Fermenta, 88a, 84; naorganised ler- 
manto or enaymea, V97. 

Fenia (Pteridophyti^ hr 47, 61, 69 
Ferritak vi loa 

VI 94; tuum lemioraag 
▼iOh • 

Ferromiaaganeaak vi 96b 
Ferrodlieon, 8 ijE 
PertiUiation, iii 141; of angioapanaa, 
iv6B. 

Fevera, malarial, ivpS. 

Ftoi^SS; Kcmriem, iv74; FMaaUfM^ 

FSara. iv vj. 
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FIJI GLYCINE 


F^i, SI i6{ dubi of, v i6t. 

FU^ Fenit (Hyneno^yllacMtX 

FSniiterre, Si 15. 

Finlud, IS 13, i& 

FSm, if 107: origin of, ij lovt pnind 
Sum, if tdt unpoind m iv 117. 
FInten Ught, f 14a 
f1nMntnilBMnt,iii97. 
FSnalani,8i76b 

Fb«driB»Tt 7 t. 

- ■ ■ - 



hi AmarieiJtiM} In 
SjgMndTiV «ijl u wdaaei^, 

fVriioty Bpiidiiii Soolland, Sv 
FfriterrCoMndiiionib 9 ritirii, Iv an; 

UolMS^taa,ivaIl. 

FSriMry itaeaidu in Biiglud, Iv 114; 
in Inland, iv aigi 

Vl> '3fL 


1542 Triaaiic iiuiea, iv 14a 
Flih'a nrauth, i 41, 

Fiaiion, V75. 

Flaaipedea, iv 199^ 

Pliaiin eruptioaa i 17& 

Fixed life, ^option of, by animala, iv 
1161 abandonment of, by animab, 
iv 116. 

P1agellatea,ivad,79,9a 
PlagcOum flagdla), iv afe pBL 
Plan, V 17a 
Plan apc^ iii la 
Plabfidiea, iv 174. 

PlaHvorma (Pbtyhelmia), iv 104. 
Plavouring matt^ ii iia 
Plax (/riwfffff ns^te^MiintfiR), iv 5, 
Pknmring, in igfe 

Herii-eaten, primitive (CnodontaX i v 
19a 

Hiee (DipteraX iv 150, 17& 
lint and ateel, v 171. 

Hoeculi, i 14. 

%ni BratiUtmit, h'i 17& 
loqJ mechaniam, exmpleaof, ivya 
lowen, ivdp; and inaeeta, iv 69-74; 
inqwrtaaee of aoent and colour, iv 
73; flowena iv 69; xygo- 
morphie ilowcn^ iv dpi 
1uon a cenoe» iii 05, 31, ^3, 
luorine^ flgfe 0a 
1tttaiii3> 

lylmr madiinea, vi 17ft advantagca 
andlimitationa vi 17C4 aenplanea, 
viiSai bblaneaviiw; mnnoplann, 
vi 184; bmiri^thiuhair madiinea 
vii7» 

lying nplilea(OrniilioaaiinX ivi6a 
lying dhuttle, v 174. 

'i, 18 1361 141. 

'olda i 103. 

bod, inorgaidc dementi In, v tea 
3 Fit 

VMmSii2ft)n.i«A fltfl. tea u«. i6a I 


Foroa u 135; linee of, iU 74. 

Foreat, ut 18a; AJleglia^ iv a 


America, North, iv a 3; a 

ui 18a; rain, m i8a; thorn, in 18a 
Foreat Period, u II. 
F y |e fc jm»n^(MyoeotieX iv 8; Jf. 

Formalddiyda 88a lofe 
FoaeOeontenta lawof, i lea 
Foeefla i loa iid; iv loa 
FoMeautt'apendidiim, i fe 
Fourth etetedfoiatfeVi Hi fb 
Fender, PknCJ t3k afe ^ % 




Hip 


j,3i 

Fringt-8nned Hte {Onmo^lUtp 
^muX iv i 34 » 

Froga iv 177. 

Ftoet, 184,931 
Froien meat, vi t0a 
Fnietoee (fndt augarX 8 0a 81. 
Fridta Si i8a; iv 75;‘explodva iv 7a 
Fnillania iv 5a 
Fucacem (WrackaX iv 34* 

FUdiaine, 8 99, 

Fiid, 8 91; vi 18; anthiadta vi 10: 
bendna vi ai; bitumiiioiia ooala vi 
am coal, vi 19; gaadina viai; heat 
value of, 8 93; keroania d ai; 
lignite, vi ao; naphtha, vi at; 
natural, vi^ 18; natural ou, d ai ; 
paraffin, vi ai ; petroleum, vi ai 
wood aa fed, vi 19, 

Fulton, vi 150. 

Function, change of, iv ltd, 

Fui^ Iv 39r4f 032 hitler or Myoo- 
mycrtea, iv 40; lower or Phyco- 
mycetea, iv 40; paraaitic, iv 41; 
phylogeny of, iv 43; Saprophytea, 
IV 40. 

Furcraea, iv 7. 

Furnace, dectric, 8 113, 184, 

Fudon, lawa of, 8 174. 

Fuatic, 8 91. 

FuauUna, iv 135. 


GUddce, 8 109, 

.'OadoUnium, 8 30, 

Oalactoae, ii 81. 

Galaxaura, iv 30L 
OaUlum, 8 36, 08, 41, 4a. 

Galla, iv84. 

GaU atone or renal calculuib V 97, 
Galton, Pranda, v 44, 

Galton’alaw, V44. 

Galvanixing, 8 14m 
Galvanometer!, ffi 43, 
aetea, 18147. 

Gametophyte, iv47, am 5 s* 55 * 
Gamma Virginia, 1461 
Ganoida, iv 154, ia7|,xtf> 

Gardnia Mangoebuia, Hi 18a. 
Gariic,8li86. 

Gaa enginea, development of, vi 08; 
CM qpdm vi 61: mcthoda rffo- 
vendng, vi the Otto cyde, vi 
ah 

iaaea. 8 6<, 167, 17^ application of . 
8 732 dmudon of gaiem 


vi asi 

water 1 


ui 67; liquefectioo of f 
of gas I 
Gaamantlee,iiish 
Gas producers, vi 33: by^iroduet re- 
y plant vipm producer plinta, 
2 Buction-gae plants, vi 56; 
rgne, vi34. 

Gnetomia, iv 17& 
Gaatrieglaiidm884. 

Oaatriejiiioeb vp8L 
Gaatroaiyeetm, iv4i. 


Cfeaeiatim allcnatlo»eiC-hr47i 
OeAerfenaiiijM,i 8 i 6 ai 
Gchtfana, iv la 
18 Ids, 


Gedogicalmapa,iia6L 
xen 01, IV 109, unpenecnon 01, iv 


Geometrical Seomeriim, 8 dm 
Geraniol, 8 87. 

Germanium, 8 36b 08; 41, 4a. 

German diver, ii 145. 

Germany, i 161, 173, 

Germiddee, V 0 BL 

Germinal continuity, v 48; germinal 
election and dimination, v 60; ger* 
minal edeetion, v 31. 

Germ-plnam, theory, V432 nature and 
build o(v 4fe 
Geaner, Coniiul, iv 9a. 

Geyaera, i 113. 

Giant Ragwort (Smteii Jckmfoiti), 
iva. 

Gibba, WHlard, u dd. 

Giesd, ii 46, 47. 

Giiferd, vi 173, 

Glgantophia, iv 178b 
GUI chamber, Iv laR 
GilMits, iv 107; origin of, iv 1151 
Ginger, iii 181. 

Ginkfonles, iv df 
Giraifes, iv 196b 
Girard, 8 99, 

Gironde valley,! 108. 
Girvand]a,iv46b 

Gladal epodia (and aee Gke&U 
JModtnSfAin),i6t^ 
Glacial perioda, i ife; v 187; CroU'a 
theory, i 168; ii 1, 8; 9, 

Glacier milla, i 881 

22*b'2,:&¥^: 

apina, 1 wj 00, moaon, 1 09, 90; 
piedmont^ i 81 ^ 90b 
Glandlaa, iv idSl 

Glanda, ducticaa (blood /tfeudaX v 
100 2 pituitary, v lap; auprirenal, 

' V laa; thyroid, v 113; apkoi, v lapb 
Glaaa, 8 1132 in ap; kiada of glaiab 
ii 113; manufectiire of glaaa, u 113, 
Gladiig, 8 113, 

Glearoy, 8 d. 

Globlgtriaidm.Iviya. 

' Mna, V loa, 

Gloaioptei ia Horati idfe 
Ghwoee (grape BugarX 8 08; 8t. 




GLYGOCOLL 


HYiENAS 


GlyeoooOt v 114. 

Glycogen (uiiiial ■tnrcli)i 11 fe 
Gnetakii iv6fi. 

Goethe^ iv 94. 

‘ Goitre* exophthalmic* ▼ tA 

It prepmite pfgold, 

11 tjit icpnmtion of gold* ii ige* 
GohhdmiWt* H., H 143. 
GdUMmiii^ 




qm«MMhHt*i. • 

Gmebcb ii noi 
Gnhnm'iLnwtiidf* 
Gmmophoneiindb 
Granite* fer building, eil|p 
Graidiic formulcbii 33* 

Graphite p r o ce aee e . ii id^ 
GmptoHte^ 1 145; It ita 1^ ije, 
139: evolution of, i? iidL 
Grauea, iv 5. 

Granlnnd: ofEurape.iT 3; ofNorth 
America* iv 3s requirementa ot; iii 
* 73 * 

Gram of Parnaiaua, Iv 73. 

Grasa Tree (XanthorrhceaX iv i. 
Gravel* i roa. 

Gravitation* iii 110; the ether and 
gravitation, tii in. 

Grease, removal of, by petrol, ii 171. 
Great Bear* i 43. 

Great Deeort, i 17a. 

Greater Cdandine (Ckc^ulMfiMM 
IV 73. 

Great Lakes, ti ipb 
Great Plain of Europe, ii ipi 
Greece, ii 04. 

Green, N. E., i 48 . 

Greenheait, iii iSs. 

Greenland, i 90. 186: ii 1, a, 9. 13, as. 
Green-mould Fungua {PmiciUiim 
gUnicum\ ii 38. 

Griesa, ii loi. 

Grimaldi, 1 3a. 

Grindatone, v s7a 
Growth, iii 119. 

Growth-in-plaoe theory* i t$x 
Grawtha, malignnot, v 93s actfr> 
static, V p, 

Guadalquivir valley* i 177. 

Guanine, ii 88. ^ 

Guava, ui 18a. 

Guiana* Hi 176. 

Guignard* iii 141, 

Gum, ti 8i. 

Gum benioia* ii 5s. 

Gun-cotton^ iia; vi 199, 

Guqja* 18187. 

Gurney* vi 193. 

Gymnocperau, ivdg-y, 81* 17a. 
Gypsum, i 148, id» 

Gyraetat, ii 138; btlmoid, E 139. 


Haber, 814A 

Haberiandt, i8 idd^ 173* 178; hr ipb 


Habits, evolution of oonmlex, iii las; 
fixation of habits, ui tas; habits 
and reaetion. Hi last hahito of 
a&nple orgamaaM, Hi laa, 

Haeckd, Ernst von, ivTg, 
Hcaiataiiylon camperiihuMi 8 H S i8ib 
Hmmoglobin.883. 

Hah>884shrt44i Vi9» 

Hair OmaflWmitoMndaHi gHBMWV 


HeriGliel*SirW.*ii9iao^43.4fr4» 

30,33. 

Hcrtwig* iS 141, 

Heits,lii 34 h 
Htctoiaawafea, Hfia. 

^ 171* 

mmenagniD* iviSb 

Heteroeiit d y hr igf 
Hdleipcydie 


ifnnpiapfnMi t.*8p- itow ■ 
Bapdaqelib.il 

Rand'Oltoaiu itiprti>ii#i'f *j|^ 
Baiijoyc7*1i73;‘";'' 

Hanknite, vi ion. . 
Hargreavea-Bird Praceo% H 141^ 
Harp, oHgin oC v 177. 

Harpoonat v 183. ^ 

Harp-aheUaCHaipidmX^iTS. 

Harvey, iv 93., 

Han Mountains, i 139, 

Hatterin* iv ifi, 

Haveramn systems, v 97* 
Hawfeenoths, iv 71. 

Haycock and Neville, ii 78. 

Health, public, v 147. 

Health, study of the body in, vfi^ 
Heart, and inorganic salts, v 119^' 
Heat, equivalents, ii 178; and worii, 
vi as; latcotheat, ii 174, heatoaaes, 
iv 8; production of, ui 7a; theories 
of heat, ii 174: unit of AMt, ii 179. 
Heat and light, dectran theories of, 
«i 7 S. 

Heaths (Erica app.) and Peabmoaoea, 
iva,3. 

Heating, stages of, ii 181. 

Heavenly bodies, apparent move- 
ments of, i 4-3: distance of, i 7-& 
Hedgdiogs, hr aoq. 

Heincke, iv ssob 
Hdiooptere, iv 179. 

Hdigolaad, marine statioo, hr 009. 

Hdiopora, iv ifif 

Hdium, Itg: ii 36, 38, 31, €4. 

Hdix, iv 177. 

HcOadotherium* iv 19& 

Hehnebobdlo (Cassisb hr 163, 
Hdmholte,2i3. 

Hdvelia, iv4r. 

Hemicidaris, iv 149. 

Hendcyon, hr sea,. 

Hemil^ vastatris, hr aok 
HemloelE,fi88. 

SpHwv(7Vign Mnadkmfrb 

hr a, 

Hempb8ii87i hrg. 

Henry, d 88, 

Hereuleo,i43. 

Herdmaa^ Ftof,* v 18& 

Heredity* V43-34i theories ol^vfio-f^ 

A 

Bering, Ppof* Ewald, vfib 
Rermaphraditiom, iii iga. 

Hdroult, 8 lay. 

Herifaig,hri88 


Hjppai^ l#^ 

Hi p p q p dim ni, hr ipi. 

Histology* V 69. 

Historic Period. V 19a, 

HoangiHc^iita 

HodgabmiTo^ 

Hoe, V 188, 

Hosier, ii ihi. 

Hoepfim r pracnM, 8 131* 

Hoff, Vani* 867. 

HofinanmU^BL 

Holmgren, odour akdaso^ filjip 
Hdt, E, W. L,, iv sig. 
Hommoaaurua, Iv 139, 

Homodont, iv 146. 

Homologous aeries, li 301. 
Honeycomb stomach (retiouhanX 1 

Hooke, i ag. 

Hooker, Sir Joseph, iii 16a; hr 93, 
Hop {ifmitmlut LidwIuiX hr 4, 
HopeofRankdDour, V la • 
Hopkins, Prafi, i6> 

Hormones, v 10& 

Hormoapoca, iv 30, 

Horns, iii 4. 

Horawort {CtraitfligAim dmm 
turn), IV 17, 84, 

Horsoi^er, vi gSb 
Horsetaib ( 9 quisetalcsX iv 38L 
HorsetaiMiell (BtippuritesX iv 184. 
Hones, evdution of, iv 193. 
Hoverdies, iv 71. 

Hubreebt, Prof., iv ta6b 
Hudson Bay, ii 3, 19. 

Huernia, ivdb 73i 
Huggins, Lady, i.37. 

Huggins, Sir WiUiam, {41, 37. 
HuUn Process, n 141. 

HulXingpi 

Human race, d e v el op Bie u t o( 8 1, 
Humber* i ist. 

Hungaiy* 8 lok 
Hunterb John* hrggi vMBL 
Hubdrdes, v 189, 

Huts, conical, v 173. 

Hutl^iiafik 

Hwdqr, T. H., ivpi, Ph M 
Hymnaratoi,lTaeOi 

'ss.^sutiUvjr 



HYiENODON KUZEL 


HyanodoBi iTi99i 
Hydninut hr 4a 
Hydnudbensineb it 14* 

Hydrobia. it 166L 
Hydroeafboiit, ii 5a, 79^ 

H|^rogen, ii 35, y6k 44, 51, d4, 8ot 81 

Hydrophobia, v 14& 
Hydroxylamiiie, ii 6a. 

Hydroioa, iV 13^ 

Hygiene, V67. 

Hygnifdiytea, iii 165. 
HylMbatrachue, iv 168L 
Hymenio, iv 40b 
Hymenoeario, iv 113. 
HymenophyllaoeB, iv6o. 
Hymeno^ytum, iv ax 
Hyperion, i 58. 

Hypemetropia, iuji. 

Hypha,iv39i 
Hyphane ipp., in i8|» 

Hypnoneb ii iia 
Hypnotiee, v xi& 

Hypnun, ii 93; iv y. 

Hyrndiyuo, iv 19^ 

Hynootberiun, hr 1931 


'■'-OTieei-jpaMiMBi wmBnuoron 


day, i8 i : inflnenee 
on drainago, 8 6; Mediterranean 
' m, a 151 nomine oC 8 4; re- 

of, 8 4; retreat ^ the ioe and 

energwice of land, 8 
leeagee^idg-dBL 
loebtfge,i9a. 

{ fgSb 

Icdahd epnr, 81 A 
loneheete, 1^,90; Oreeiifauidioe,i90b 
91; movmie B t of toe, 1 91; tmne- 
portotionby im,l9i. 
Icfathyopterygia, iv 140. 

Idithyoraie, iv lyi. 

Idithyoeonnia, iv 155, 166b 
IcdtMun, iv aoo. 

Uonti, V4& 

Mo, V46. 
kuono, iv 177. 

Imogcb invecdoB of, 8134. 
famnnity, netiveb v 81, loe; ponive 
inuBunity, v logi 
Inbreeding, v ii. 

Mho JnrnwiMib, ni ido. 

Indio, inlBi ivi^; Nortli>ereat, i 148, 

IiMian Ocean, 1 168, 186s Metory of, 

Iiidiarofalicr,S64,86b 
Indieaii,89Cb 
Indlei, Weat,B9f. 


Indium, 8 36k 3IBL 
Induced currents, i8 75, 76b 
Induction, ui 90; induction coil, Bi 50, 

75. 

Indue, i laa, 181. 

Inertia, i! xfd. 

Iniiisoria, ivpBL 
Ingrain colours, ii too. 

Innervation, redprocol, v 133. 
Inorganic salts, therapeutic effiects 

^ V laob 

Insects (InsectaX iv 107, tax 135, 14s, 
157, 168, 176k 177: evolution of, iv 
130; membrane -winged insects 
(HymenopteraX iv 14a; primitive 
wingless insects, iv 136; wings o^ 
inae^ iv 1301 
Insolation, i 79. 

Insulators, iii 49 
Integuments, iv 6^ 

Intercrossing, swamping effects of, 
V 4«* 

Interference, iu 19. 

Intermoleculor compenaotioo, u 57. 
Intramolecular compensotioB, 8 57. 
Invar, H 151, 15a, 175. 

Invertebrates, iv 107. 

Iodine, 8 36b 3)8, 

Iodofiirm.8xo6b 143. 
lodele, 8 ie6b 
lotdndon, V isi, 

{pnM 991 , 81 59 
lenwiii<ii9iiBi of vtoMdb 8 tii,. : 


Jennings, iv 84. 

Jerusalem, ii 18. 

Joodiimsffial, ii 46b 
Jones, H. O., u 6ob 
Jordon, 8 18. 

Joule, researches of, u 178b 
Jidubeb iv Of. 

Julliot, Henri, vi 175. 

Julopsis cretocea, iv 168. 
Jungermonniales, iv 50. 

Jupiter, i 5, 9, 16, 1% so, si, as, 46. 

A I * 7 ' 8««t ««* 

spot of; I 18-19; lights and colour 
of, i 17-18; siM andTappearance of, 
i 16-17. 

Jura Mountains, i i8ob 
Jurassic Period, i laS, 169 (and see 
Maamc Marnu Arrinf): fresh- 
water and estuarine &una, iv 156; 
land fiiuno, iv 157; moriiie fauna, 
iv 147. 

Jute, 881; Bi 187. 


Ipomcea ffl i86b 

M^Ii 56;83. 
IrUHam,B36kyBk4Db4i,44, 
tridi Choond, 8 a. 

[rhutsk, i 144. 

Iron,! 13^85^ 38; Mlm^ 

8 x^ ehemwal oontpodtioa of, vi 
94; sorly Iron Age, V 191; dements 
m pw iron, vi 96? grey^ irm vi 
96s rnierdseopiestuqyofiron, vi 100; 
mottled iron, vipS; pigiroiL vi94; 


iim^tlng, 8 140; wmte m iron, 
vf 96; wrought or malleable iron, 
▼194, 96. 

Ialeofinngfat,ii8|3; geological struc- 
ture oC 1 1^ 

[soMes, hr 55. 

[soko n ta , iv 18-30; Isokonta Proto- 
coocolcs, iv 18, 


fndigObSgcb 

Indigotiiif 8 91^ 


Isomerism, 11 59 
bomen, 8 *53, 

[sotonie solution^ 8 71. 
[very, 864. 


fadnonion epBepsy, v 134. 
fack tree Cdrfsrarjfns 
S 178 . 

focob's Ladder (AbrnsnAMi rar- 
ndramX iv 81 - 
[affk,8i& 

rapnn, i 179 , 180 ; 8 1 . 
rorrah (Eucalyptus spp.Xb 5 , , 
fnvdina, v 169 
reaBa,theoryof,!4. 
rdlydsbcs ^ydronboX Iv we; iis^ 
14A 


Kahn and Hepp, 8 107, 

Koinoioic Ep^i fres h water and 
estuarine fiuina, iv 176; bid fauna, 
iv 177; land mammals, hr 179-004; 
mnnnefimnativtTa. 
KdsjdopheneofWIinitstpaBk 8 ida/ 
Xmndintks. i 18s; 8 1. 

Kameo;ipt. 

KiMliB,8ii8. 

Kaptqm, Piu£, I43, 

Karon beds, I lyt. 

Karri (Eucalyptus opp,X hr ^ 
KaiyoUaesis; Bi 13s. 

Xotolysts, iii xsob 
Xaufinonn's csperiments, BI 79b 
Kauri Pine (djwMrk onsiMhX iv 5. 
Xekuld, 8 87; Kekuld's beniiooiing, 
898. 

KeUncr process, 8 141, 

Kdvin, I lo; 60, ds; 8 181; 818 . 
K^'s Cavern, v 185. 

Kepler, i 3;^ 

Keratin, 884. 

Kerosene, ii ia> 

Ketone, ii 81. 

Kidston, iv66b 
Kidmeyer, V 43. 

Kiesdguhr, ii ixs; ivpS; vi 199. 
Kihlmon, iu 167. 

Kilimaidaro, iv is. 

Kinetie theory of gooes, 8 35. 
King-crabs (XipE^raX iv 107, 113, 
131. 

Kiwi (ApteryxX iv 176L 
[Clebo,iv 83 . 
fCnhrcn, v 165. 

Knorr, if 107. 

Kohlrabhdumps, i8 iTOb*^'**' 
K0lliker,Voii,iv95. 

Kdreuter, iv94. 

Komppa,887. 

Krakatoo, i iis. 

Kraus, iB 175, 

Xruio, 8 41, 45. 

KrypteB,i69; 

Kuen Lun, 1 18s. 

Kurilea,ii8a. 

Xuid, 8 isi. 



LABOULBENIACEiE MAGNETISM ai5 

Lod]^,^ Mwvim. i 51. 3Si 
V flj}! l oooiSSSyiuwi tnuMpofti ▼ 


Laboulbenlicecb 

Laboufi nuuiualt vi 53 inliiiali viji 
Labyrinthodonti, iv 1411 
Lodenburgri » 88. 

l"* j f flfl*^****** l>Mw » 3 , iv6& 

Laiu, Bridger, iv 175. 

Like Buttercup (^MWMMAff 
igiu)t iv 17. 

Lake diitriet» i l•4• 144. 

Lake of Constanoe^ flim ofi iv 14-18L 
Lamarck, iv 94,96; V37. 
Lamellibraiidiiai iv 164. 
Tiiaminariacem (KdpeX iv 34, 36. 

i loOb 

Lampblack, ii 94, sB. 

Lamps, ii 118; ar& iii 48: Cruto^ ii 
lao; Edison and Swan, ii iso; deo- 
tric, ii iso; iii 48; glow, iii 48; mer^ 
cury. ii isi: mercuiy vapour, iii 
49; Nemst, li iso; iii 48; ou, ii isa; 
tantalum, ii isi ; von^dsbach, n 
xsa 

Lamp-didls (BrackiopodsX iv 105, 
xio, III, 113, 184, 13s, i 49 i 184, 173. 
Lanodet (AmphioxusX iv XS4. 
Lances, V ids* 

Land, destruction 0^ 1 76k 

']SSgS!?ffSI 

Vj|^ mmsJui If aii mjMt Iiiii|:inij|a 
jSfUinOOII us, fV MSk ' 

Laadok^ S 111 « 

Langley, Dr„ i Mb 331 ? i8bi 
Lankesfeer, SkB. Ray.ivpl illk i 7 ’i 
, tn 

Lantaaa,iva4. 

Lanthanum, 8313141,119^ 
Laosaurus, iv i6ob 
Laplaoe, i 41* |a,.l 7 l Mbdar theoo 
of, 1 33, 13ft 
Lqiwoctli, iv 118. 

Larch (£s»dr swf«dw)b Iv |, 

Lacmor, iiil8oi. 

Lame, iii 149. 

^ryngoaeope,i8l 
Lai^x, 815. 

Lassdl,ix& 

Lasso, viH 

Ladtude, i 6s; variation In, ids, 
Laurus Camikora, S87. 

Lava, i iii. 

Lava Hows, Ins; characMolins 
Lavender (ImnmmMs wsm). hr 11. 
Laver, Green {Uha MwdmiX Iv 31. 
Laveran, V 143. 

Lavoisier, 8 33. 

Leadiing, 8 131. 

Lead, 8 33, am 68; teadwiiSbSdis, 
Leaves, hs^ 

Lebaudy Mes, vl 173, 
Lebedew,i839> 

Le Bd and van't Hoft hypotkedi 
of, 8 34. 

Lo Bon, 8 lOk 
Lecanora, iv 7. 

Leeches (Diieophora),;iv sog. 
Leeuwenhoek, Aalbon von, iv 93b 401 
LegunmiosB. 81 176; Iv 3. 

Ldolriehi, V 191. 
LendddhuftdenMdeuBB, hr 30 . 


Lemone, iS 187. 

Lemuit, hr S04. 

Lenard nysb 34, 

Lena river, i 139, 

Lens, compound, 81 si; 

lene, ui is, 

Lenta, 81 18I 
Leopardsbhrsos. 
Lepidodendfon, iv 33, 37, 8s, 
Lcpidoptera, iv 13I 
Lepdoeteus, iv 134, 
Lepidotus, iv 134. 


Leptolapis, iv 133. 

Leptosporangiateb ivde, 
Lcudppe,83s. 

Leucoortes, V77; ueesolvyi. 
Leuooqrtosii, V 77. 

Lewis, i 41 37. 

Lianes, 8i 18^ 

Lias, i ISI. 

in 168; iv 7, sa; and Fkngi 
* iv44. 


eflHc 


Li3ge,ii3l 
Life, chemistry ol 8 tej 
I In the sea, Iv 




173. 

LocMnodvee, yi los; acdoa of the 
valvegear, vi lel* cjdinderaniagw 
inenta,viieft eariy.vliui; efe^. 
VI 111; railway niigMvi 1331 
boilerib vl sog; types ol vi sepb 
Lodge, Sir OUver, 8 183; Sigh 79»9l 
Loebbi8i4^ 

Loessb 891. 

Logwiwd,89i; 8ii8B. 

Lohrmann, i 33, 

Lomsb Du, Dupuy, vi 1714, 

L ffl iil o tb , ii 

Long, Walter, v 14& 

I^mgpnynd fo^s of ShropddfSb I i 0 Bl 
Longa^t,i83f 
ImphophorSb iv lol 
Lomts and Zeeman, work ol on 
deetromagnetio theory of lighi, 81 
81. 

Lotsy.ivgg. 

Irfive, Pralessor, 18 log, 

' LowdI, Professor B, P„ issb 04, al ' 
Lcersr Jaw, hr isy; 



d fii 71 t h; M 
poGuiiel 8i 31; waves fll B 7 
Ll 3 felbalh.iB 97 . 

U8hriBg,8ti& 

Ughtiiiiiff, 8 l 3 i> 

Ligniteb 89 s, 94 . 

Ugrob, 8 ia» 

Llgulsblvgg. 

Lilieathal.vli8l 
Umax, iv 177. 

Umeo.i8i87. 

Xfimestoosb i 167* Ihnestossferhidld* 
lag, vigo, 

ffennesus, iv 137, 16& 

Lhnoaeneb 8 87. 

Linahiol.887 
Uodebai 81 
Linnsnis, ni 161; hr.gs, 

Unnl von, i 33: ivga. 

Lion (fUk iv sos; Cave iioi 
(PwfirafeiMXIvaoSi 
Uppmann, iii so, 

Liquefection, laws of, 863, ^ 

Ligu^^yg, 161 174; oorfMStsarioi 

Uthium, 8 31 37, 31 
LilhophyUiim,iv46, 

Litholhamnion, iv4& 

Litmusb 8 79, 

LitlorinaSea,8i3. 

Uvcr,88ib I 

UverBuk^ {8137. I 

.UverpobI, Univerrity d hr S14. . 

IV 47; Uverworta, hr go-gh 
LisaidsiLaccrtOiaX hr 139, 177. 
LhunasCTylepodi), iv 19I > 

Uaaos of Vsnaiaela, 18 ^ 



llacdila,ivab 
M'Oeaaiiia ' 
Ma(l,iai8i;ri0|, 
MaceUodas, iv 139, 
Macferiaiie,i67. 

Minfedi, Pirofessor, hnu 
Madeor,iia 

Macrecystis pyrifera, hr sgi jl 
Madagascar, i 1861 hr 1781 
Maddainean ^p***^ ,* v dH 


Magmas, I id too; behavioard J 
no; cooling of, 1 in; origin of 
”9‘ 

i fM n ed u m ,a3l3fe piepaiatmid . 
higo. 

Magnsl sya,.l84a. 
BfagnotiojkBeetion ttp a rittfHv Bfe* 
.son'sbMgii 

liagnctfe ferebb 8f 4flb 41, 7a. 
lli4gastieotiMaM,{69, 


periodic riingsa m, B sop* Betthtf 
dwngain,8iio9, . 


MAGNETS 


MOLECULES 


Bfignets, Evuig^t eipe ri iBeBti in. iti 
73i Mnyer^iexperunentton^ting 
mngiwtt, ill 99. 

Mahoginy. Hi 18k 

Maidenhur Tine {GUthgt Moki), iv 

Make and bieak* Hi 77. 

Malaria, V 14a; pitniitioB ofb ▼ 144* 
MllarLake,a5. 
MalayArddpdagObiidf, 186b 
Malay laage, I iftb 
Maleieaaliydrid^iHdi. 
Mkl8Wil.¥MkHir^ . 

fcyaiiJtB; 



Mid«Mei<ktoatoiiik fa « 74 * 
Man|aaeaikilSdkj|B|fl9i 
Mango ^ S 78 i 

18a 

ManfdkLhr4. 

MangoMeea, Hi iHa. 

Maogfovea, Hi 174, 184. 

Maaihot Hi tSt; M, uHUuAm, 
ifli8t. 

B 18b. 

Mankiiid, eni(& oi^ ▼ i^Bl 

MaanoaeiHBb 

MaiMfiddtUg^ 

Maneon, PalridI, ▼ 143. 

Mantle, iv leSl 

Manuree, V egi bone n»pm ▼ esi 
work of Lawea and Lkmg, t eo; 
other auuiufta.'v 17. 

Manypliee (paalteriuaX It iggi 
Maplia (Aetf ipp.X IT a 5. 
MafantacHB(AffowrootiX HI 178L 

Marandua iT40b 
MarattiaoMa ivdada 
MaregnTia pieta, iH 178. 
Marchantia iv^ob 

, {y 

Marckwald, u 46b 
Manonrs inpcorcmenta Hi B$, 
Marine P*fll5*gLi>1 A— ^*4 , 
ei6b 

Marine Bm, hr 1^ 

Maiked ikili, eiperiiBcnte with. It e3t« 
Maria iH|7* 

Mair, J. B., ! te^ 

Manan OraM {/Pmmm mmmfk), 
It 7. 

Marrow, Red, T 97. 


arena lag; pdar capa I egi iA 
Marah, 0 . C., Ivpgi 

Marenpilca hr 164. 
Maitmritafiioa 
MarfiaavMa 8178b 
MarthMyelkMaHioa 
Mara, Mil, 


Maacheroni, vi 103. 

Maaa n 196; amount of dectried. Hi 
j 8 ; ^aervation of, n 156; deetrical, 

Maatodon, iv 188, 

Maatodonaaurua iv 14a. 

Matchea v 171. 

Bfathematieal botany, iv 84. 
Matonia, lv6e. 

Matoninem^lvda 

km ' . 

Mayea mqdriBdtataek 8 goi Bfib 
Maydhe(N8iiroptenX hr 1^ 17& ^ 

SmSTSA 

of meaeuremeiifea d iMl Bwing^a 
meM,. 8 15a; mvar and qua^ 
uae of, 8 >MI o^mt upecta of, n 
imj in ether aoMneeaiiidit naaa 
ifiga} fibrcaof quarte, G. V, Boya 

areotmerwiaanrgri au m oe n iaof 
Meat jidoea H 5«. 

Medidne and medical adenoa v 67; 
medidna Hi 97; general prindplee 
of, V71. 

Mediterranean Sea, H 84. 

Medulla oblongata, v 13a 
MeduUoeem (NeurqptBriteX hr 87, 
Meduaa Iv 101. 

Meek, A., iv aig. 

Megaladapia iv 004. 

Megalania hr 177. 

Megaloeaurua hr 159b , 

Megalurua iv 134, 157. 

Megaapira, hr 168L 
Megaaporangium, iv 87. 

Megaaporea iv 56. 67. 

Megatherium, iv 18a 
Mdotic phaaa V 88 
Mdoeadua B 18a 
Memory, iv8l4. 

Men (PrimateaX !▼ 

Mea^ivqi^ 

Mendel^, H 37, 41, lai. 

Mendip aiia 1 188 
Menbiia vi^' 

Menthol, 881; , 

baity,iaa! period of roiMon,iaa; 
phyaical cendkien, i aa 
Mercury, H |8 ah* fahninate of, ii 
sia 

Meriamepedia iv tj, . 
Meritheriom,ivi88 
Moiteg, ii iopb 
Meaatkqphalla v 198 
Medie, Stone odv 18a 
Meedderm, Iv loa i|4* 


in, i 175; cxtenaion of oenIrM aea, 
i 174; general aub^enea I 169: 
great aubmergenoe, 1 174; India, 1 
X71: lagoon oonditiona 1 173!' land 
and aea in middle Cretaoeoua 1 174; 
loot landa i 17^: Mediterranean 


i lya; Southern' (jontinen^ i 170: 
volcanic activity, i 175. 
Meoaier,i3f 

Metal Age in Europe, v 19a 
Metalloigy, fi 1431 

M^ H qa 33; the.eloBtfohrticij 
, winniiig ^ Hfom 

Middintwyhhwii 1 smi ttmiki xm 




MethylbemylantHne, H 6a 

JBcmyiiiiicyiaiB |oii oi wwiivi^rr^ 
8 III. 

Metroiylon appb. Hi 181. 

Metager, iv aa 
Meuenier, vi 17a 

Mexicoi early dviliintion in, v 193, 
aoo! Gulf vit i 174, i8B| pictuie 
writing ait v i8x. 

Meyer, Lothar, H 37, 4a 
Miadea mi a, iv 55, 57, 

Mieraateriaa, iv 3a 
Microcycaa,iv68 
Microplionic tranamitter. Hi 48 
Bficropyla ivdj. 

Microaaoria, iv igA 
Microoporaagium, iv 68L 
Microoporea iv 38 88L 
Mildewa iv 47; Falae Mildew 
Mederw ewfAwaX iv 47; True MH- 
dew [l/ncmtiUt tuMir [OUmm 
7 Wim]X iv47; Erydphe app., iv 
47 * 

MHididc. iv 17a 
MHk, H 54; iv 145. 

Mflk augar, ii 61. 

Mnky Way,i 4 a 48^8 5>* 

MiUepora, iv 173. 

MilletaiHi88 
Mbnaaiaa 
Mind, of man, v up. 

Minea and balloona vi 188 
Miocene Period, i i 48 178 187; iv 17a 
Mirrora: concave mirrora Hi 9; para* 
bolic mirrora ni 9* 

MMaaippi, 194.951 H 19; valley of. 

.Miaioori, B 19. ~ 

Mitm (AcarinaX iv loji 177* 

Mitoaia Hi lya^ v8il abnom^ V94; 

general eondderano n i on, m 134. 
Mitmla,iv4Cw' 

Mnenw, v8t. 

MoaaiviTS. 

ModTkyftien,B8 

, Mflbaaia B 1^13^ 137. *3^ «®4l 
reeenrmee oft 11 134. 

MoMenlea B 3 h.aSI.Hvin|ra 4 dBcid^ 
< vii|; awWInrlower^ffiySi 



MOLES NUCLEUS 
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Molci, iv.flof 
BColemrtli, Capteiiit i A 

MAm IT III, SIT* i 39 i X 39 !* W 

Bivalve (LamdhbraiicliiaX it sta 

(toludqpo«4k iv Ilf 
Triaincb iv 137. 
Molybdeniiii^iiAA 

MoBadiaBtlMibiT 7 » 

BloMy,Ti 8 Db 
MoalnyibiTiMif 
itoBoti i lutfjilT^i 


Uoulton, P. R** I SSi 5S> 

Mountain boil^g. i «o^ 

Mountain flm IT & 

Mount Sakeiar, flora efi hra«. 
Mouiteriaa, t iQj^ 

Muodhiaiv^s. 

Muoor, It 40b 
Mudaisoi* 

MudArinpa (UptoMraciX ir.MiS* 

Manor, Jioluiiinoi, froi. 
lIultMIular.iVioa . 
liuMlochiTia^' '^ ■ 



lordant^ fl 9s. 

Iofelaiv 4 i* . * 

lomingGioiydponvBa M ifl 
[oraoeobliM 
bipliiiia.fll& 

hmholofx. T 73; aaU aio 
plMlogr, IT 9^ comparAvu am 

SSkcToflbiitirir^ 

ioraoeodof iii^ 
iooander, fl 43. 
ioaataurua caatperi, It 167, 
ooquitoea and dioeaia t 144. 

and uvorworco (oiyopnjtkv, t 
49-53. 81. 

ooa-Polyiieo (PolyionX iv 1 A s p 
lA 149, 184. i7> 
other o* pearl, in ooi 
o|to^.Tiioueai^(£diarfc ^ 

Btha, It 177. 

loos in a arei^ si^ifBi neuiTO 

rl 


• honA vi itei 

I - ^ mm 

I vl RBb 


dor vdiMei^ vi t A cnHniNtto a 
1 uat Chudan A«£ \i leu 
rwuwtiom,,Ti uir (HmMppM 
«v,Ti 1431 ahiarieniTlar 4114 «t 

theiiiolQntfi^t llipeaof vi 
toravigM^bM Vl' 

io£! *1*2?*’“*^" 






ta, 

T 


KatMTiM. 

Naila,ii$|. 

Noauir, { tffi, 

Niatwicli, i 184. 

M«phtln,ii98;97. 

Nap hth ah iW b 894,97, *0^ nT* 
iOWapliaol, fl 107. 

NatuiuHBta, it 93. 

Natural oOo, vi ai. 

Natural phUoac^hy, fl 31. 

Nature philoiophy, IT 94. « 

Nature atudy, iTpOi 
NautOoida, iv 150. 

Navkatloa, vi 15a 170; aerial nv i> 
ganon, vi sys* 

NawaaGUa,iTfl8L 
Nebuba 4A 4r*i 

Kai.‘i 3 Sg^:i«S 

NebidarHypoAeeb,aMdMoalioBl ^ 
i 131* 

ium,i4i. 

NMadfmeppb,Riila ’ 
Nocpu^guidiB. iv ve. 

Nl6taiifla,lT<ia 
MMioih 

hgdiTnfli hr A ' 

NMBetlUMi Jt saR 
N goiepbi yat hr *74. 

NadlHahAia, tv iii* 
NMyafluaHuaS,^ 


Neonthaiiie. 
NeonylodoB, iv 18a 
Neon, il 36^ 51. 




, til 

lite,iaa 
Neiiuea, iv 15a, 185. 



mpoSTn^ ^ ^ 

NUdfliaa. 

NIgfv «ariae atatSoa at hr #4^ 
N3 Nag,’ flora oC iv 13 
Nibeii.ii4a4a45> 

Nfobium, n A 
NitranOiae Md^ S mm 
Nitrobeuaina II 78. ng. 14a 
Nitrageo, ayt 44* 8<f da fla I 
Wtrofiycer in , ii.ita; vi 199 
Nitra^ieool, fi log. 
Nitrooobenite it 14a. 
Nitrouaoaide (iaugliing gaA tt m 
N obd, Alfied, vi 199. 

NoUet, experimeoCa o( ii 69b 

8 --^a 4 If M 9 

xioiMiiniinQiiv VQ Ot Cm «u m 

North Sea, 8 a 13* 14* 

lit. m n0i 

i 14«I iTi^ 

Notation, 8 154, 

Notodwrd, iv lap 
NoTaSeotil,ti39b 
Nova Seaitria, i ijm. 
htoTo e a ine i, 8 lep. 

81 1351 ip pbata 81134. 
Niii«iowMia.T8a 
.Nu^bii.,fli list >971 T 84* flig flw 

auGWiw w .oou wvMoa, v a 
oturaefaueieua, Muif nnOlei 


iai8 


NULLIPORES 


PERlDlNEiE 


NiiIQpm 

NunmuliKi QimmMdm), hr p7a 
N unataks, 1 91. 

NtttoMft Ei s8i. 

Nutrilte Y 8a; of anuriMid cdh, y 
81: ofdtaeaaagenasi y8s; offiaed 
’ 0 Clli|Y 8 i. 


Oak iOutiTUM Iy ai Hhaar 

■ 4 - 

Oat (^aaini aalNMiX IY 4. 

Oboes, 014. 

Oby, i 161. 

Ooduaioii, i 13a. $ 

Ooeaaua Proc ell a f u m , i 31* 
OdenwaUI, i 1591 
Odontqptaryz toliapica,,iY 1791 
(EoolioiU futon in botany, iH t6 
air, ni 167; animal factora, iii ifl . 
inanimato, iii 164: livht, iii 66; tarn* 
peratun, iii £ aoil. iu 167; 
water supply, in 163; wind, iii 167. 
OBoology, 163; of cultivated planto, 
iv 19-03. 

CBdogonium, iv 17, 3a. 

Oils ^berfamot,u8y; bitteralmonda, 
Hja; Borneo eamplior, 887; castor, 
' ?drdaM nmaitsMia), iii 187: citron. 


’ht, li 96: lubricating^ li 91 
ormirbaae, ii tii; olive, iv« c 
rind, ii 87; p eppermint, ii 87; 


ii 8vs raaemarv. ii 86. 

{Stmmmm Mi€um)t iii 187; oQ 
ahalee, ii laa; tbynw, S 86; tkiipen- 
tinekE86i 

OD, Scottish, ii 104; dude, ii laii 
preparation and distillation of, u 

0(1 engines, vi 64; Disadsngins,vi66^ 
on Palm (BMgwikseiMdiX iii 
Okapi, iv 196b 
Oken,iY94; Y37,43. 

Old fiistic, iii iSa. 

Olea europaea, iv 3. 
aein,ii8a. 

(W||oms Period, i is8; iYi7a; dknate 

Olive, iva4. 

Oliver, Pr^., iv 66b 
Olives (Oliva), iv 166. 

Onnes, Xamnwriingk, fidlf 
Oocardium, iv 3a. 

Oocyte^ iii 137* 

Oolites, i lat. 

Oomyoetea, iY40b 43* 

Qoe^,hr 47 . 

Ooies,io7; Diatom, leftGlobigerina, 


molhiaes of, hr 117s plankton of, hr 
117; eadentaiy anmiala of, hr 113,' 
voleanic activity during* i 144* 
Orifanic compounda, prqinraiion o( 

O^j^uiioms and low te m per a turea, B- 

Oigan^dwrapy, y taa, 

OriM, Gnat Nebula in, i 4i‘i|a. 
Ormen (Haliotidm)^ iv 
Ornithooereua, iv 34. 

Ornithoaaura, iv 177. 

Ortho-b ii 143. . 

Orthoeeras, iv 119* 14a 
Oryia aativa, iii 186b 
Oaaione, 859 
Osborn, H. F., v 4a, 43. . 

Oadllaria (Gyano^yeem)^ iv s6b 
Osmium, ii 3^ 3|B^ 40b 41, 44s iii 4a 
OsmosiL n 17a; iii 119; osmotic pre^ 
sure, is 69, 170; meaning of osmotic 
premure, 071; Van't Hors work on 
osmosis, ii 17a; vital p r oee s a m , ii 
17a. 

Oamundacem, hr 6a. 

Osteolspio, iv 134. 

Oatracoderma, iv ia7, 133. 

Ostwald, work of, 77, 8ob 
Otters, ivaoa. 

Oum, i lai. 

Ovary, iv 67. 

Ovate duuiMimmsd implements, v 
•84* 

OverCdd, i 104. 

Overiap, i't4i. 

Ovule, iv 63. 

Ovum, Y 75. 

Owen, Sir Rickard, hr 94. 

Oien, iv 197. 

Oahnss, 

Oxygen, H 33, 36b 381 6>» 80^ 81, ^ 
Oxyhydragen Uowiupe, ii 146b 
Oaokerite, 1 177: u 104. 


Pinaam, iS 187; canal, vl i6i# 
lhuicrea% B ^ Isi v no; Ijksraal 
aeeretwna of; v 149. ^ 

Paaengtie juiee^ v leob ny. 
Pandorina, iv 31. 

PaagensalB, Y46b 
Pangolins (Manb)^iv 18s. 

Panicum, itt 186b 
Papaver aomnifsrum, ig 187. 

Paper, ii 116; parchment papm* & 
117. 

Paperimnginga, ii 117, 

Pbra, ii 143. 

Pamflb, U 3a; paraflta wax, ii 113. 
Paralld roads (of Glenroy)^ ii 6. 
Paralysis, v 134. 

Parapod, iv X03. 

Pari rubber, iii 181. 

Paradtea, iii 136b x68|[ Bfe hiatoriea 
of, ui 136; war agaipst, iii 137. 
Paraaitiani, iii 134, 133. 

Paroeval, Mgjor von, vi 17a. 
Pariaaaurus, iv 143. 

Paris Basin, i x8a. 

ParthenogenesiB, iii 133. 

Pas ds Calais, i 138L 
Paaaes, i 118. 

Past, explanation of by present, 1143, 
Paateur, ii 34, 37* v 7 ** 

Patagonia, iv 183 
Pathology, v 69. 

Patriolelis, iv 173, 193 
Paunch (rumen), iv 193. . 

Pawlow, V 107, xe8. 

Peachey, ii 6ob’ 

Peaks, i xs8. 

Pear«ncrinites (ApiocrinidaX M8b 
Pear^dla (PyrulaX iv 163. 

Pearl, Raymond, iv 84. 


'f. 




Opals, iBaob 
OphiegloasaoeaB, iv6i. 
OpliiogloaBaisB,iv6a. 
Qpiathobriindi, iv 166b 
O^um, ii 89; Bi 187, 

Qpoasuma (DkMphopsX iv 17a, 181. 
(^Bonins, v 8t, 103. 

OptisaDymotive oompounds, fi 33. 
Opnntia,8it8a. 

Orangesb Oi 187., 

Orchid BI 178; iv 71* 

®!ft?S!?2s!^'!LfRhSSS 

0hJvtt3; c n a ncw ranoaistriDUyio 
01 Ordoviciao rocks, (144; cnepmg 


Packycoemus, hr 134. 

Pad^ 1 yo, x6Bb 16& t 86 s ii 1, ai; 
Padfe (^rdle, i m; fawt^ ot 
Pacific, ii ai.. 

Padina, iv 14, 36. 

Padogeneds, iii 13a. 

Pagoda trssa, iii x8s. 

Paints, iii 19b 
PSlaodictyoptera, iv 130b 
PalaBodiacus,'iv 1x7. 

PalaoKtfaic (Older Stone) AgSb u la, 
«6- 

Palaolititania. 

Palaomastodoo, iv 186L 
Palaoniseus, h 138. 

Palaontdi^, of plants, iH 183, 
Palaorycteropus, iv 184. 
Palaoapondyius, iv X33. 

oBoic, 1 lap; mdsr or inrat m a rin e, 
i 13B; Loi^, I xifg ' 

Palatine orange, n xoob 
Palladium, 8 36b 38, 4s* 4 >i 88l 
Palmitia,H8a. 

ou, in xpi; raimyra, m 1B7; Tail* 
pot, IB 187. 

Faludiaa, iv 133, 16R 
Pamin,l86b 


Pearly Nautilus, iv xxj;, laob 140. 

Pearson, Dr., i iSL 

Pearson, Prof. Karl, ii 134; v 44. 

I PSaa, iii 186b 
Peat, i 13s; ii 90, 93. 

PeabtnoBSSS or turbaiiss, iv 4. 
Pecopteris, hr 67. 

Pectoral, iv lay. 

Pediaatrum, iv 17. 

Pdican’sdbot Shell (AponkaisX iv 
13s. 

Pdlia, iv $x 
Pdvic, iv lay. 

PencH Cbsdara 4dfbX iv 3. 

Penduluma, compenaating, ii 173. ' 

plains, I XS4; upunsQ psnspiainsi, t 
IS3. 184. 

Penicillium glaucum, fi 38* 

Pennine chain, i xax, 139b x6a 
Penniastum, Hi 186b 
PentacrinuB, iv 148. 

Pentane, 8 33. * . 

Penumbra, of sun spot^ i 
P^ppm, Hi 181. 

PSpdn, V 97. 

Peptones, H 8^ 

Perchloride of iron, H 33. 

Percussion caps, B iis. 

Percuadon inatrumsnta, Hi 4. 
FSiftmss, B III. 

PericaiPb iv 73i 

Fsridinsm (DinoflageDataX iv 14: hr 

3 f ■■ ■ 



PERIOD 


PRRdlPITli^S 




Fedtoitte ifitaaii. R jlB; value oft il 40^ 
P 4 ri|Mrtui (P i oto tw iid i eateilb Hr iB9b 

IrdWWCIG CmiiTMuii PWi Bi ▼ 9^ 

FeritlieciuiBf !▼ 41* 
.FeriwinklceCLilloriiiaX ir lepb 
Pferkia. W. Hm junior, ii 91. gR 
Feniiinn PenoA 



Pcrman fla^ti^ il 8> 
Pknuo^Gurbonileroue Period, 




. .*V4J. 

Pereeue: Beta Pcioei, or Algol, 149, 

SOi 

Pernia, i 177, i8t. 

Perrio, or cudbear, ii 91. 

Peru, dvilisatSoB of, v <93, ma, 
Peehawur, i 181. 

Petalla, iv 157. 

Petala iv 69. 

Petchora, i 161. 

Petroleum, ii lei; artifidel, ii teej 
crude, ii 143: petroleum ether, ii 
tjt; kind! of, li ta$i nature and 
ongin of, ii xai; occurrence of, S 
laa; eourcee of, ii laa 
Petrol filme, iii ea 
Petteraen, ii 40b 

Petterwa-Naaeen water*bottle, iv 
•*9* 

Peyer^e patchee^ v 8a 
Peaiza, iv 4a 4 kS H WWi ka mmi 
(Larch Canker), iv 47, 

PMEer, ii 7a k7<* 

PluBoeyiitia iv 34* 

PhmoidiyceB, ivjfi. 

Phaeoetroma, iv34. 

Phmothamnion, iv 34. 

Phagocytoeia v 81. 

Phallacem, iv 41. 

Phaneropleuron, iv 134, 

Pharynx, iv 107, 1x5. 


K 891 


Pbaeerula u66i. 

Phenacetine, ii laR 
Phenacodna iv 185. 

Phenol, 894. 

' Phenyl: phenyl hydraaina 
phmyl ealicy^ata ii 10& 
PtojgbeMj^ylmrthyi 

Phenylene diamine, ii 143. 
Phenylhydroxylamina 8 14a 
Philippinca i 18a 
Philooophei'B atona 8 33> ' 
PUogiataa 8 33. 

Phoebe, i ai, 57, 4BL 
Fholaa iv 131. 

PhoUdqphonia Hr 14a 
Phono^phtijid. 

PhoRNkadioa Hr 1791 
Phoaphoraeoenoa A 05, 31, dly, 
Phoophorua 8 3^ 3IBL ga 8b| vl 98, 
PhotOaphera i lo-st, 

^ — ^e.1 ^ 

c'lMCOsynuiHiVi Ww ii« 

|nithalieanhydiriila*8 ibi, 104. 
Pfadhalfanida a Mf. 

Phrii^ V rtg, igpi 1 

livji.* 


1 Phyilogioaouw, Hr S|* 

I PhyOoaiplioa, ivga 
PMogenv ^ plM^ 8 i 183 ; Iv agj 

fWiMir Om iV 7^^!^ 

Phyan,Hrs 37 . . 

Phyaica, liirriMr advance in, in tia 
Phyaioiiogieal labour, diviaion ofr H 
too, 

of aahaala iir9t 

iiileatana iv 47 ; A 
4 T* 

Plana V 178 s piano atringa 81 a 
Picea orientalia iv 11 . 

PidBering. W. R., i 04, aA n* * 9 ^ 34 * 

35* 41* 57* 80. 

Pictet, 889. 

Pid, aea-li^ hatchery at, iv 014 . 
Piga iv 194 . 

Pike, iv 17 & 

P 8 e dweUinga v 175 , 18 BL 
Pilobdua iv 4 a. 

Pimenta oflkifudia i 8 181 . 

Pineapple, iii 1 %. 

Pinene, ii 87 . 

Pinea: /Van# SMmak iv as /I apt 
fimMaivdi. 

Pinguicula, iv 4 . 

Pinnipedea iv 1991 

PinuB pumUio(*‘ Krununhola"), iv lOi 
Pipe-fiahea iv 174 . 

Piper app., ui i 8 t. 

Pipera^ (HdiotropeX 8 in. 

Pitdi, S' 97 , 9 A 

Pitdiblendaii4l 

Pitch Pine (/Viw#/ie/flMlrAX iv g, 

PithecantliropuB eiectua v 139 . 

Plaoenta iv 18 a. 

Plagiaulaa iv x6a. 

Planeteainud hypotheaia 1 33 , 131 

iii 103 . 

Planetedmala i 131 . 

Planeta i 3 - 6 ^ 9 : evdution o^ I 37 : 
giant planeta 1 38 : inner planeta i 
9 ; liieiiiatoryofiios outerplaneta 
1 ^ 0 ; terreatrial planeta 1 Ghapb 

Plankton, iv 14; 176, aai; diatributioA 
and varietiea of, tv aaS; planktota 
expeditibn, iv ai8; plankton net of 
Henaeaivaaa; nitrogen inplanklon, 

iv ## 6 ; quantitative, ealiawtion of 
plankton, iV'aa 3 . ^ 

Plnnorbia .Hr 157 , M 
PInntngo cretica iv 7 ^ 

PInntaina 8 i 186 b 
Plante, Gaaton, v{ 8 i 4 . 

Plantigrada iv 188 > 91 * 

Planta.id 143 ; plant nnntoniy, in 163 ; 
pinnt aaeodation, iv 3 s ec onwi ic 
pfauitalii 18 a 186 s pliint tormn^a 

Plamin Oynph), v 77 . 

Platinum, 8 38 , 381 4 a 4 *# 44 < 8 a A 
Plato, ija 
Ftatyeomna Hr 138 
PInsdUr, i ia 8 

Pldadea i 43 * 4 » 331 Aleyona i 4 > 
Pleietocene Period, i laBt 8 13 : Iv 

I 7 ** 

Pladomnto (C 8 m d i oin n ma)b iv M 
Pledoennrua iv 133 . 

PW u rococc u a Iv 3 a 
Hranait 


I Flenaton, Hr 18, t , 

1 FUniaiw and ThoaHon, V 147, 

Pliny, ivpa 

PlioeeaaPbrIod, 1118,1871 iviTaMea' 
aae TMfiugrX 

PliQanurB(PdlyptycliodenX iv iMb 
Planer Saa 801m oft iv 13. 

Ptoegh, V ites evolutien oft v 1891 
tUnge hnpMaenta v 14. 
Pnaumonin, v 13a 
Poacoidailea ivOg, 

Podwl Pluiiia(Tepiiilna4pp.X Hr 47, 

VU— mi A.e ^ - 

JrOQOroUlCflUni# IV 

Pdneeidb M„ i 46, 

Pdaona V iiR 
PdHoaSies. 

Pdniid,ii38. 

Polar bodiea vgt. 

boton|r^ 81 ags. poanriaeope in gao" 

Pdnriwtibn, UiSlMS nioddoft8ia6s 
jj^jhft IB a7l I 


of refimcte d 1 . 

poinriaoopa iliapb 
Pdnriaed light, pinna ni as. 

Polar audd, iv67. 

Polar pkimea i 15. 

Pdidied atom, age oft v i A 
PoUen-gmin (mfercapoceX iv 84. 
PoUen-aac (micioapofBngiumX iv 84, 
A 

PAen' 4 ube, iv 84. 

Pdlination, iv €gi pollination by 
bate, birda ana annlla iv 73, 
FoUinia iv 7a 
Polonium, 8 48, 

Pdyoaea 8 8a 
Pdypeptidea 8 84s v iia 
Polypea iv tor; lireaheratr 
(HydinX iv lor. 

Pdypbyodont, iv >48. ' 

Pd>'podiaoea, iv 8a 
Pdypterua iv 134. 

Pdydpbonin vidmea ivgiBL 
Pdyatigma iv 4^ 

Pdytrichum, iv 7, 3a 
Pdyxoa iv lag, 

Pbiidweada(Potoiiiogeton app.X iv A 

Pont cerebaOi, v 13a 

PopaiiA 

Poppiea (A^tnmrnf$tl£emt$k'U iv & 
Poreelnia 8 114; colouriiig oft 8 113, 
^oiphyridium, iv jA 
Porpoiaea (Cetacen). tv 173. 

’ortugni, i 173, 

Pbtnaduai, ii 38, 37, 38: 







Potter^a whed, v 171. 

Pottery, v 171. 

Poudied Lim (ThytocolaoX iv 18a 
'ower Btathm, vi 8 b; dingram. oft vt- 
8 bs threa-wkeiyatoni, nSf. 

Ptoaeodymiiiai, 8 38b 43* 

Piecainbriaii 8|poA. I lA tea (and 
aaa Arekmmh I f34> 

Pireefat, 8 47. . 

Ftodoua atoma kaitotiM A 8 ims 
di M i o n daHin3l8<— iBiulpnita 

8 tgfi' 




Milbwiv'iflib ' 

PriH^igiNiGli^ 

Praters. A^f I 6^ i8^ jOb ij^ ait ill 

ProeyoBi i 4611 
ProdranotfioriuiBi It 14& 

'IVriMfKMaiM Iw 

^IUBGimillBf IT JW* 

Profiialiibni. t 196b 
PMmttba ywncairila, It 75^ 

Prapanci II S9i 
PMpyl alcohol , II 71. 

ProMivc ottbotaneci, natiual, t 69. 
Pro^(w|»ra^Xn83; v84,97J 
hydrolyaio 0^1184. 

Ptatcooecb 11 flSs; t zoi. 

Prothallus, iv 77s ftmale prathallut, 
iv 56b 6|; male prathallua, iv 56b6& 
PMtlota, in Z44. 

Protooephalosia cphemcroideo, iv 5a. 
PratooetiM, iv 175. 

Protedmca, iv i^bw 
P rotonema, iv 50. 

Protoplaom, in zi8| oonotitiitioa of. 

iii 118; otudy of. v 90. 

Protodphon. ivsob 
Pfotocpharyia vmoendo, iv 168. 
PratoCliccai ivjp. 

Protosoa (aniaudculeo), iv 96^ iiOb 
i», 147; V90b75- 
Protozoology t V 90. 

Protylob ii 44. 

Prout, law of, il 35, 43, 4^ 
Proicuglodon, Iv 175. 

Paarooliia. Iv do. 

Paeudobulbo, iii 180. 

Poeudopodo, iv 98; v 99. 

Pddium Guava, iii 18a. 

Pdlotum, ivdob 
Pteranodon, iv 17s. 

Pteridophyta, or vaacular cr ypto* 
gams, iv Sy-^SS mternal structure 
of, iv 6s; ttoiXogy of, iv 6s. 
Pterodactyles, iv 160. 

Pterospheaua, iv 174. 

Ptyalin, ii 8s. ' 

Public health, v 67. 

Pudding stones (see Cbsg f o ai a wlre ), 
i los. 

PuffbaUa (LyoopefdacemX 41* 

Pulses, 18 186b 
Punas, iv lOb 
Pvpa, iv J77. 

Puriae.n^8!5.89^ 

Purple, visual. Hi 33. 
Purple^a(Lyai8)bivi66b 
Purpuriha, Iv 165. 


Pyridine. 8 88. 

Pyromders, Ii z$5; opiieal pyro* 
meters, n 18^ 

Pyroaona, iv 43. 

Pyrua laaala, Iv 03. 

■ , — -XC 

VyUlMIIUIIlUipilS, IV BOBb 


Quiflii'B il3l - 

Qaefallfiaait 8p«, 





^ ^ ^ f »**r* 

ftMkyllouatiiD»li4i,t|i>tlii ftekMrood.itf lii. 


gocfcy IffluntaiBt 
ttoteltidBHv ▼ 141* 

Rodi.ffi33» 

SoUerib vtftfL 
Roiiiekil«4» 

Rlliktgwi ivysi ili 5^ 

Boolii iv, 5^ 

RoMuOi^eb ii99; bliie» S991 
Rote, jii %. 

Rotemory ilhamariktu affiekhoUiU 
iv tt« 

RownhOf. Rfled von, iv 94. 

Roeette peronninlt, iv la 
Roeewood, iii 187. 

Rom, Ronald, v 143. 

Rotatk Lord, i 33* 53> 

Rotation of eropa, v lOb 
Rotifers, iii 153. 

Roumania, ii la 

Rounded ttonet, at weapons, v 163. 
Rowland, iii 04. 

Ro>al Society of London, iv 9^ 
Rosier, Pilatre de, vi 17a. 

Rozites gonrylophora, iii 17a 
Rubbers, iii 187. 

Rubidium, H 3^ 37, 3|Bb 
Rugosa, iv 1S4. 

Rumination, iv 195. 

Runge, II 47. 

Rural depopulation, v ii. 

RuMia, i 140, 154, 13ft 139. 174: ii la 
Rusts, iv 46; of corn, lii 157, 
Ruthenium, ii 36k 38k 401 41* 
Rutherford, ii 49 
Rye OSiMwfo cmntaUU iv 4. 


Sabatier, ii laa. 

Saccharimetry, iii 30, 

Saccharuu*, ii iiok 
Saccharum oiSdnamm, iii 187, 
Saffron, K 91. 

Sages (Salvia 4Pp.X iv 70^ 

Sago Palm, iii 181. 

Sahara, ii s5> 

St Hilaire, iv 94. 

St John's Wort (Hypericun)^ hr 04. 
St Lawrence, i igpi 
Salamanders, iv 177. 

Saliva, ii 8a. 

Salol, ii 106. 

Salt ii siS, 79; iaopganic salts, 88a 
Samarium, ii 36, 43, 

Samotherium, iv 196b 
Sampson, Pro£, i ti. 

SancMIiet iv iga 
Sand-gapv (MyaX iv 173, 
Sand-hoppen, iv 104. 

Sand ripples, H id8 
Sa nd sto n es, i ms; vi 9a • 

San Franciaeob i s88, 

Sanicula eoropma (SanidsX Iva 
Saponifiaition, n 8^ 

Sapper, ii m^ 

Saprophytes, iii 1331 hr 4a 
Saprapl^tiem, lit tdp, 

ntOlii, 81 176b 
Sainosin, 8 83i 
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Q,<L«lvata 

tektwMdl.8il8^ 

SatnmVi Hnf • i 19-na f7> 

Sanndsr, Mr. S, A., i sgk 
Sauroptarygia, hr t4a 
Sanssurea, iv ii. 

Savanna, iv 1: Savannas of Oniana, 

iii 184: Tropical Savannasb 81 t8a 
Sani fra ges (Saaifiraga spp.), iv8L la 
Saaophooca, in 4. 

Scabs (Ventnria app.X iv 47. 

Scaly oysters (Cha^X iv 164. 
S^iiwvia,. i 139,, 1431 8 ij, 13I 
Scandinavian peninsula, u 18k a4. 
Scandium, H 36k 38, 41, 4a 
Scaphitsa iv 166. 

Scarlet fover, v 13a 
Scenedeamua iv 17, 3a 
Schllfor and Oliver, v ia> 

Sdieiner, Dr., i 4a 
fa« t Mw 4 ifnti« et iri iv **a, 

Sdiiaparelli, i sa s6b 
Schimper, iii 173, 174; ivy. 

Schkite, iv94. 

Sdimidt, i 33. 

Schneider, 18 138. 

Sdirttter, i 33. 

Schuster. Preff., i ^ 

Schwann, iv 94. 

Schwarzwald, i 18a 
Schwendoier, iii itfL 
Sderotinia Vaccinii, iv 4a 
Scorpiono (ArachnklaX iv 107, 

137, 177. 

Scodimd. i i85; ii 3, & 

Scots Fir or Yellow Deal (Akus 
fpforsf nbX iv 3* 

Scott Mra, in 3a 
Scottish Fisher> Board, iv sia 
Scraper, v 183. 

S<»rviGraM(Cbrilfoefdit/Sn^^ 

hi 104. 

Sotlie V S7a 

iv SOI. 

Sea-esntipede (NoeisX iv 103, 
Sea<ows (SireniaX iv 174. 
Sea^ucumbers, iv so^ 

Sea-fisheries, Ivsio; historical, ivs 
mtemaHonal iavestigationo, iv s 
S18; Lancashire and Wertera, iv 
ai4; Northumberland, ivsig; Piel, 

iv S14. 

Ssa*fish ha t c h e ri es, iv S33, 

Sea-fiowers (An A cweaX iv sot. 

S e a h oreM<Ca lam ostomaX iv 174. 
Seadflifs (CrinoMsX iv 103. si6k 1S3, 
«3^ *33. »39r ^ *73* 

Sea-lions (PinaipediaX iv 173. 

Seals, iv 17^ 

Sea Fbrch ^opIopteryzX iv sd& 
SearGiiHglita.iii9b 

S ego n ah e s (PalmopiiisX iv 174- 
Sea Urchins (BcliinoidsX iv seg, sty, 
igt S3S. >39» M9» >73- 

da iv (PluBopliy- 

liSiL * 

Secretin, v 107, isyk 

SecreCionai Internal, ▼ sos; esisrnal, 

V sea 

Saa Dr., i ti, 46k 47«*8a ds* 



Sella Thrdca, V sagb ^ 

SesMO, Ridiard, vddk 
8 sea 
Senna, in 187. 

Sense organs of higher planlih Iv 79k 
Senaitivo Plant (JfiismM PmttmX iv 
78i 

Sqp^CealygXivfig- 
Sequoia gigantea, iv 9, 

Senander, iv 73. 

Serum treatment v wo^ 

Seubert 8 41- 

Sex divergence, in 13s- 

Shaler, Prof., i 09. 3a 33* 34- 33* 


Sharks CBIaamobranchsX iv isy, 134, 

>33* *54. *88. 

Sheep, iv 197. 

Shetland lal« ii 13. 

Shield, V 167. 

Shingla i loa 

Shipa V 176; turret, vi 136; weilp 
decker, vi 133. « 

Shoieweed (iJlonUm iacmairitX iv 17. 
Short siidit, iii 34. 

Shrewa iv S04. 

Sicklea v 17a 

Side-alit aheUs (PIsnrotooBaX iv ifiL 
Siemens-Halake method, 8 131, 13% 
133; vi isa 

Sierra Nevada of CaKfomia, iv^ 
Sigillaria, iv 33, 

Klesia, Upper, i 131. 
liddea 8 rfii copper sDicidek 3 
138; iron ducida 8 13IBL 
SDim, 8 36k 38; vi pL 
Sak, artificial, 8 117. 

Snia i III. 

Sfiurian Period, i isBkiasi earth movo- 
ments and mountain buSding, i 143; 
North Americnn, i 146: laadmiuia, 
iv iSB; marina fiumn, iv 13a 

saw, } 1371 8 afi, 4s. 1^ nitrata 3 

separation ot 3 13a 
imocyon, ivsoa 
Sbter, i 11^ 

Siaiia Iridum, i 31, 


Siphonia, ii, dastfea, « 
Siphonomyoete ivypk 43- 
Siphonophores, Si 134. 


Siriiiai39k4fii4fi^ 

Sieal Hemp (keneqnsuX hr 7. 
SiwalikserieaiM3.io«ki8a 
Skiaa asdotbiqg, v 173* 
SkuD, capadly ofi v tgfi. 

Sky, colour of tha Bi 3a 
Slaters (laspodsX hr 13L 
Slatt8,ii488 3agi»ii4S 
Stedga VBTfii 

Sleeping afekasH, ivfiR tuag 
aMotor,vi43. 
S 3 BM-liingi,iv 43 . 

vdg. 




Superpoaition; law of, i soft 
Surface Ibituree of earth, evolutioa 
of, i 7» 

Surface teneion, » 169^ 

Surrah, ▼ 145. 

Swale, 1 laa. 

Swallow-worto (AadepiadaeeBX 2v7o* 
Swamoierdaiii, iv 94. 

Swamp vegetation, iii 174, 

Swan, ii 117. 

Sweden, iv 5. 

Swietenia Mahagoni, ui ifln, 
Switdi 4 NMrda, iii 46L 
Switaerland, ii $, 

Sword, V s6& 

SymUoaia, iii 154, idflL 
Symmetryi radial, iv s^i bflatenl, 
iv log. . . 

Sympathe^ nervous aystam, T0& 
Syndine, i'toj. ^ 

. Syndetosyalia, iv 34. 

Sjmergidaft iv 67, 

Synonyma, iii 
Syria, i i 74 «* 

Syatemodo n , iv spa. 

Syateauki laBL 


nS& 


'Tmaiophyilum ZoQingarl, 81 18ft 
Takaaihift v 
.Taa,iv.5. * 

Tanaiaa, ii^a. 


tThyaaal, 8 l(l^ . V 
.iRinShah,! iSa '' ' 

Tibet,.! 18ft 
ItdcftiviTy; 

Tidal Fora^ 81 184. 

fc-ayt ft f iM i i,* m 

cnairodoniauBi, iv ana, aajl» 

Tigris, ii ay. 

Tilea, ii B15. 

Tillandaia uaaeoid^ Si i8bb 
Tilletia,!v4& 

Timan rangift i lyy, . 

woods and hard woods, vl 8iL 

Tiaau^ iv soot v 95. 

Titan, i 99* 

Titanium, ii titanium osMo 

apectrum, i ly-H. 

Tmeaipteria, Ivdft 
Toads, iv 177. 

Tobacco, Ui » 8 f, 

Toooca, iii 17ft 
Todd, i 19^ / 

Toluenft HgCb 

Tolypothria penirillata, iv 17* 
Tomkins,! 39. 

Tmos^ fu n da ment al, 81 3; o vert one^ 
hi 3* 

Tonga frianda, dubs' oft v ida. 
Tonidty of muade fibres, v 961 ab> 
nornml tonidty, v 961 muscular 
tonidty, V 13ft 
TBpler, meriiod oft 8i I. 

Torpedo craft,, vi sot. 

Torpedoes , vi 194, 

Torpedo nets, vi 199, 

Tor^ rocks of N.-W. Soollandr i 
lift 

Tortoims, iv,i97, idBs ftadiwataiV Ir 
176; land, IV 177, 

Townabend, 14ml, V ift 
Toaina, vdft 8ft 8a, loa. 

Tradeacaatia diacdior, 8 7f. 
Tramways, vi ”71 mb* 

tvff oveiliead 
trolloycara, vi S191 ataamandgaft- 

trie ayatai^ vi sag. 


79t continuous •eurrent toa 
nida, vi 79; rotary eouvarta 
' 8 b; atatic converta r a, vi 81, 
Transpiration, iv a* 

Tfanaporft vl no, 
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* TnaiiylvaiUa. 1 197% 

Trapii ir sCj. 

Tkmttteb artificial aMmbnuicto^ iiTa 

Ttawliair* 

Tnmbicy, iv94. 

Treat, i im. 

Trcvitbick. vi loj. 

Triaeiio Period, i xei. lefi; laad&una, 
iv 141 : oaariae fauna, iv tjo (and 
eee Mnr JM Smubiaitf,i 155, 

i6t)i 

Triboncnuu ivse. 

Trioeratope. iv 190b 
Trieboffyne, iv 0B. 

Tridacna, iv 173. 

Trident, v 164. 

Trigger action, iii 89, loi. 

Trigonia, iv 151. 

Tri-iodo methane, ii 106b 
Trilotntee, iv iie, im, 104, 131, 130, 
135* >39^ 

Trinitrobutyltoluene (artificial muckX 
ii 111. 

Trioees.iifii. 

Tritone (TritoniaX iv 165. 
Tritubercular thewy, v 4s. 

Trivalent ii 51. 

Trambonee, iii 4. 

Tropoph>tee, iii 166b 
Trough (Me iSimcliSM#, i icgX 
Trouvri^ M., i 35. 

Trufilea, iv 41, 

Trumpet!, iii 4, 

Trypanoeomiaeia, v 145. 

Tiyp>in« V > A 

Teetee fly (Cr4>wifia mortiUma), v 
*45. 

Tuatara (HatteriaX iv 159. 
Tuberculoeie, v 104, igob 
Tubeworme, iv 113. 
TtdipTree(/^rMMXrMdinM 
iva. 

Tull, Jethro, v & 

Tundra, iv 7. 

Tungaten, ii 36. 3dL 
Tuning fork, iii a, 4. 

Tbrfainea, vi a; Cuitia, vi 10: De 
Laval, vi 481 devekfnnent ^ vi 
41^ iminte vi la; impulae r e acti o n , 

I vi 


vi Fumma, vi.soj preMUie 
reaction, vi las pnnaple of, vi 47; 
Rateau, vi 50; reciprocatingengine, 
vi 46s Bteam, vi 46; vortes, vi 141 
ZoellyRkvi 50. 

Turgard, ii 118. 

Turkey in Aaia, i 181. 

Turkey red. ii loob 

Turk'! Cap Lily (LOiam MmHagm\ 
iv6Bb 91. 

Tarmeric, ii 91. 

Tdmer, Pirofi H. H., i 51, 

Tumipa, iv gt introduction of, vpb 

Turpcntincb ii 86^ 87. 

Turrilitea, iv 166b 

Tkrtlea (CheloiM Lentheqr 

TurtM&mr^iv ifiSlfud Turtle 
(TrionyaX br 178. 

i 3B, 3S> 

Tyndam U 1741 iii 31. 

Typhoid levv, v 104. 

Typot h ere a , iv 190b 

Typotheiipimb iv 19a 


U 

Ulfx europmua, Iv aob 
UlMria, iv 19, 31, 

Ufotrichalea, iv3i. 

UlotrieU, v 1931 

Ultinw ^peranaa, Cave U, hr i8i|, 
Ulvalea, iv 31. « 

Umbra, of aun apot, 1 13. 

Umbrella treea, iii 18a. 
Unconformities, ii 104. 
Unconaciouamemor>,Hcruig’stlieofy 
of, V 61. 

Ungulates, Blunt-fboted (AmUy- 
podsX iv 186: Claw-footed (Ancvl^ 
podaX iv 189; Curved -toothed 
cLoaodontsX iv 190; Bven-toed 
(ArtiodactyleaX iv 193; Heavy- 
ferted (BaiypodaX iv %; (M-t^ 
(PeriaaodactylesX iv 193; Primitive 
(CondylarthraX iv tfis; Smooth- 
heeledi (LitoptemaX iv 19a 
Unicellular, Iv 98. 

Uniformitarianiam, i laA 
Universe, outlook on the, i 43; star 
density of the, i 44, 45. 
Unaegmented, iv 104. 

Uplift, symmetrical, i 115. 

Ural Mountains, i 159, 161: iv ijjA 


Uranium, ii 3A jfli 44t 48t 
nitrate, it 64: uranium X, n 48. 
Uranus, i 9. 16b as. Ai physical con- 
dition. i as; rotation, i at; aatel- 
litea, 1 at. 

Ure, i saa. 

Urea, ii 84. 

Uredinem. iv 40b 43, 49, 

Urine, 1185. 

Urocystia, iv 4fib 
Uatilago, iv 41& 

Utricularia, iv4. 


Vaccines, v 104. 

Vacuum tubes, iii 5a; summary of 
events taking plsM in, iii 5^ 
Valenciennes, i tgS, 

Valencyt ii 51- 
Valleys, gla^ted, i 89, 

Valves, vi 39b 
Vanadium, h 361 3IL 
Van Benete, iii syA 
VaniUai P. in 181. 

Vanillin, ii siOb 143. 

Vapour, sodium, iii 15; strontium. 

Variation, v 38-80; discontinuous, v 
37; genetic, v8a 

Varieties, artificial, v 36; imtural, iv 
36s ever sporting, v 39, 

Vascular cryptogams, iv 83. 
Vascular plants, Iv 81. 

Vascular tis su e , iv 33. 

Vaadinsb U 1S3, 104. 

Vaucheria, iv38. 

Vautin method, ii 141. 

Vegetable Mairoer, iv 99b 
Vegetable Sheep (Raoulia epp-X hr 
la 

Vegetation, {93; upper lindtofi iy ts. 
VelloBim, iv II. 

Ventral, iv 1931 
Ventrkleb hr s4» 


Venus, I A 931 ohnneler ol allim* 

Venus' Flytrap (Mneni 
iv9P 

Verguin, ii 99b 
Verrill, iv lao. 

Vertebrates, iv 104, 133. 

Vessela, types of, vi 133; transport, 
vi 188b 

Vibrations, ii 160; curved path, ii 160; 

resonant vibrations, iii 13. 

Village communities, v 4-8. x 
van, V 99. 

Vine (PA/s v/n^^kniX iv 4, 47. 

Violet, iv 75. 

Violin strings, iii s. 

Vision, theory of. iu 35. 

Viverra, ivaoa. 

Vivipary, iii s86b 
Vogri, t>r., 1 49. 

Voice, iii 5. 

Voiain Fidres, vi 184. 

Volcanic action, intermittent nature 
of, i lias volcanic activity, i 138. 
Volcanoes, i io8b 
Volga, i 161. 

Voltmeters, iii 43. 

Volutes (VolutilithesX Iv 168b 
Volvox, iv 30. 

Vortex action, iii 74. 

Vosges, i 139, i8ob 

Vries, de, iv as; method of osmotic 
premurcb ii 71; v 53, 38b 
Vulcanite, ii 88, 

- w 

South, 1 138; li 3, 13. 

Wallace, Dr. A. R.. i 44: iv 95? 
V3a 

Walnut (Juglans 8pp.X iv 5. 

Walter,! 80. 

Warships, vi 187; ammunition of, 
vi 197; armour of, vi 195; battle- 
ship, vi 187; cruiser, vt 187, 191; 
guns of, vi 190 : submarines, vi 
aoa; torpedo craft, vi aoi. 

Water: three phases of, ii 88; vapour, 
ii 86; water, ii 78. 

Water, running, i 93, 94. 
Water-beetles, iv 178. 

Water bugs, iv 198. 

Water Milfbib (Myriophyllum app.X 
iv 18. 

Water power, vi 3, 9; potential and 
in wateT^ 8; tidal 


kinetic energy in water, vi 6; tidal 
energy, vi 8; water rams, vi 7; 
water turbines, vi ii ; water wheels, 
vi 9S water movement in pipes, 
vi II. 

Water-vascular system, iv sitii 
Water wheda, vi 9; breast, vi 10; 
impulse, vi 9; overshot,* vi 9; Pd- 
ton, vi 10, is; pressure, vi 9; re* 
action, vi is; undershot, vi 9b 
Watt, James, vi 33, los. 

Watties (Acacia app.X iv n- 
Wattmetm iii 43- 
Waugh, W. R., i 17 
Wave length, ii i8a: influence of 
capillarity, li ifi;^ 

Wave motion, 8 s6t ; longitudinal, ii 
s6i; transverse, H 18s. 

Waves (of the aesA ii 18s; wave 
finnt, fi 1801 interfimmee, li 1841 
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III jPi KBflCDOB-Offt II IMf mffflO> 

^^^"jjSysk hS! 

tiMwowBi It 104* MuiMi 4110 ninci 
ifo; ^^atatioady. ii 164; tutm 

wild, ri««n o( Hw WmU, 

Wealden arclii i liit 
Wear, i ia4. 

Wcaada, iw aoa. 

Weather cycles I da 
Weathering', i 77; agents of, 1 7a 
168; in temperate regions, 1 9s, 93. 
Weaving, v 174. 

Wedge -leaved plants (Sphenophyl- 
lates), iy 59. 

Wright, ii 15a 

Weismann, Professor, iv 93; v 4s, 
4a 49^ 

Welding and soldering, ii 14a 
Wrisbach, Auer von, ii 45, 119. 
Wriwitschia mirabilis, iv a da 
Wemyss-Fulton, Dr. T., iv S17. 
Weymouth or White Pine {Pinna 
SirndMsX iv 3. 

Whalebone (baleen), iv 17a 
Whales, iv 175; toothed whales, iv 
176s toothless whales, iv 17a 
Wharfe, i iss. 

Wheat (TriticumX iv 4. 

Wheel, V 17a 
Whelks (NassaXivids. 

White, Gilbert, iv 94, 9a 
White Poppy (A^^seirr aemfiidwniii), 
iiSp. 

Widal's Test, V 8a 
Wieeheit, Prof., i da. 
Wieland.Dr..iv8s. 

Willemite,iii^ 

Willoughby, Franris, ivps. 
WUlow,iv75. 

Waiow buriies {fiaUx nxrita, S, 
fw^ana), iv^i 
Wilson, iii 143. 

Windmills, vi 15; American vi 15; 

European, vi 15. 

Wiadwitdies, iv 75. 

W^-footed aoails (PterapodsX iv 


WiarriicUs (AvloufaX Iv i4«^ 
Winkler, E4a 

Wliriesa tdegrariiy, iii 871 Hefb> 
■inn dftectorriii 8S1 l&r devicea 

system, ill Sir mercury eeherer, 
ill 86; Pbpwli method, Ki 85; 
mi^icai by tening, 

ni 88; pnn^ile of Marconi mag» 
netic detector, iii 87: Rii^i oscilla- 
tor, iii 85; ringing arc lamp, iii 88; 
tuning syntonic apparatus, iii 87; 
use or parabolic mirrors, iii 87: 
use of transfenners, iii 86; Vree- 
land's electrolytic detector, lii 87. 

Wkriem telephony, iii 89; Ruhmer^a 

Wislioenus,ii6t. 

Witt, O. N., ii 105: theory of dyes, 
ii 105. 

Wladimiroff, on omotie pressure, ii 
71. 

Woad {laaiia imeioriaU ii pa 

Wohler, fi 137. 

WoifF, Caspar Friedrich, tv 93. 

Wollaston, 1134. 

Wood, ii^pa, 93; iv 33: Brasil, ii 91: 
Lima, it 91; pulp, 11 iiA 

Wood, R. W., iii a; colour experi- 
ments of, iii 13. 

Woodland, requirements of, iii 173. 

Woodsorrel {Oxnha Acatoadidu iv a, 

78. 

Woodward, Dr. Smith, iv 154, 157, 
«7S. *78. *85. 

Wookey Hole, v 185. 

Wooton, Edward, iv 9s. 

Wracks, iv. 13. 

Wright, Wilbur and Orville, vi 18s. 

Writing, origin o£ v i8a 


ii 88L 

Xaveri seam, i igi. 

Xenon, ii 3A 88, 51. 

Xerpphaous, hi 183. 

Xerophytes, iu 163. 

X-rays (Rdntgen laysX v 111, 13IBL 


XyhoeCnybtXv^ 

XyloaqfttSi. 


Yams, Hi 1861 
Yapetua,i8aL 

Yeast (SsrrArroffowis att^wiiaua) 
ii ty\ iii isq; hr 39; Bine&aRmucii 

Yell^ fever, v 144. 

Yeniseri river, i 139k 
Yle,ii3s. 

YokBa, tt 13; Yoldia Sea, ii 13. 
Young, protection and eareof, iii 131 
Young-fish trawl of Pettersen, iv ssB 
Ytterbium, ii 36k sfiL 
Yttria series, ii44. 

Yttrium, ii 3A 8^ 1*9^ 

Yucca spp., ivfeysi 


Zena ii 3a. 

Zeppelin, Count, iV 18; vi 177. 
Zeugen, i fia 81. 

Zeuglodon, iv 173. 

Zinc, ii 36; plating, ii 140; preparatior 
0^8133. 

Zingiberacem (gingersX iii 178. 
Zingiber ofliciii^. iii 181. 

Zirconium, H 3fe 88k *19- 
Zittel, Prof. Karl von, iv 95. 
Zoolcwy, encydopmdic period of, i\ 
9a; nrst beginnings of, ivpi; histoo 


evolution, iv 93: pendd of morpno 
logy, iv 94; ^losmhical, iv 91 
systematic period oi; iv 9a 


Zoophytes (Corientera). iv 101, 113; 
H^roid Zoopiqrtes OnydroioaX R 
101, 139, 148k id^ 

Zygnema, iv 3s. 

Zygomorphic (dorrivoitral) flowera 

IV 69. 

Zygomyoetes, iv 40^ 48* 
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